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THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


TUESDAY, JUNE 4, 1957 


ConcrEss OF THE UNITED STATES, 
SPECIAL SUBCOMMITTEE ON RADIATION OF THE 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 


The special subcommittee met, pursuant to recess, at 10 a. m., in room 
P-63 of the Capitol, Hon. Chet Holifield, chairman of the subcom- 
mittee, presiding. 

Present: Representatives Holifield, Durham (chairman of the Joint 
Committee), Cole, Van Zandt; Senators Anderson, Hickenlooper, 
and Bricker. 

Also present: Professional staff members: James T. Ramey, execu- 
tive director; George EK. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. Tompkins, consultant. 

Representative Hortrretp. The committee will be in order. 

This morning we continue our hearings on the effects of radiation on 
man, and we get into the area of genetics this morning. 

Our first witness, Dr. Crow, is professor of genetics and zoology at 
the University of Wisconsin. 


STATEMENT OF DR. JAMES F. CROW, PROFESSOR OF GENETICS AND 
ZOOLOGY, UNIVERSITY OF WISCONSIN + 


Dr. Crow. Mr. Chairman and members of the committee, my inten- 
tion is to summarize briefly and nontechnically the present knowledge 
of the genetic effects of radiationsin man. I wantin particular to ind1- 
cate the sources of the data on which our conclusions are based, and give 
some idea of the reliability of quantitative estimates of genetic damage. 

Previous statements before this committee have dealt mainly with 
effects on the person who receives the radiation, My discussion will 
be restricted to effects on his descendants; that is, to inherited effects. 

I believe I can best summarize the general information on this ques- 
tion by stating four well established principles that are necessary back- 
ground for any discussion of possible genetic hazards to man. 

1. All high energy radiations increase the rate of mutation, A 
mutation is a change in the hereditary material of the cell, a change 
in the genes and chromosomes on which our heredity depends. An 


1 Date and place of birth: January 18, 1916, Phoenixville, Pa. Education: A. B., Friends 
University, 1937; Ph. D., University of Texas, 1941. Work history: Instructor and 
assistant professor of zoology, Dartmouth College, 1941-48; assistant professor, associate 
professor, and professor of genetics and zoology, University of Wisconsin, 1948; associate 
managing editor of Genetics, 1951-56; member of editorial board of Genetics; member of 
board of directors, American Society of Human Genetics; member of the council, Society 
for the Study of Evolution, (Submitted by witness.) 
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example of a multational change is that producing the bleeding disease 
hemophilia, characterized by abnormal blood clotting. Mutations can 
occur in any part of the body, but from the standpoint of heredity the 
important ones are those that occur in reproductive cells and are trans- 
mitted to the children. Thus, to have an effect on future generations, 

radiation must reach the reproductive cells sometime between con- 
ception and reproduction. 

2. Almost all mutations that have been studied have been harmful. 

Representative Corr. Will you repeat what you have said? 

Dr. Crow. I said that almost all mutations that have been studied 
have been harmful, 

Representative Corr. What do you mean by a “harmful” mutation ? 

Dr. Crow. One that in some way impairs the individual that carries 
this mutation. He might have his fertility reduced. He might be 
more prone to an early death. He might have most any kind -of ab- 
normality. 

In general, most of the mutations that have been studied by geneti- 
cists have been in some way or another harmful to the individual. 

Representative Van Zanpr. After exposure to radiation ? 

Dr. Crow. That is right. I am talking about subsequent genera- 
tions. 

Representative Corn. What is.a mutation ? 

Dr. Crow. Maybe the difficulty is that I have used mutation in two 
different senses. I have used the mutation as a change in the gene 
itself, What I should perhaps have said is that the consequence cf 
that mutation in future generations has been harmful. I want to say, 
though, this is to be expected on purely theoretical grounds for the 
reason that a mutation is essentially a random change in an organism 
that is already functioning reasonably well. A random change1 Is much 
more likely to be harmful than beneficial. 

Consider, for example, a random rearrangement of parts in your 
television set. It is much more likely to make it worse than to im- 
prove its operation. 

A point I want specifically to make here is that the typical mutation 
is not a gross abnormality. 

Representative Corr. Let us be sure when you say mutation we 
are talking about the same change. You have indicated that you 
have used the word in two different concepts. To me a mutation is 
the consequence of some abnormality that has occurred in the ancestral 
genes. The result is the mutation. You have used mutation this 
morning as a esc bing a damage to the parent genes themselves, 

Dr. Crow. Yes. 

Repr Bch tee Coir. When you say mutation, let. be be clear what 
we Lang talking about. 

*, Crow. I am clear in my own mind, but whether I can make it 
ae in general is another question. Let me say this: 

The mutation 1s the change that occurs in the gene, in the reproduc- 
tive cell. 

Representative Corr. Of the parent. 

Dr. Crow. Of the parent. This changed gene is passed on to subse- 
quent generations causing this varying “amount of harm to the indi- 
viduals that possess that. changed gene in future generations. 

Representative Corr. You mean that a changed gene inevitably 
passes that change on to the descendant ? 


} 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1011 
Dr. Crow. That is correct. | 

Representative Corz. That an altered gene could not reproduce a 
normal child ? 

Dr. Crow. That is correct as far as the gene is concerned; the gene 
in the future that descend from the altered gene are altered. 

Representative Coxz. Is that always an accepted rule of genetics? 

Dr, Crow. Yes. 

Senator Brickrer. How do you explain the fact, then, that there are 
always mutations going on in human regeneration, some caused, no 
doubt, by the normal background of radiation ? 

Dr. Crow. We have a certain amount of harmful mutation with us 
all along. 

Senator Brickrer. There must be some that are beneficial or there 
would not be the evolutionary process taking place in life. 

Dr. Crow. That is correct. I did not say all were harmful. I said 
the great majority were harmful. 

Representative Horirietp. The great majority of the damaged genes 
are harmful, but the amount of damaged genes in relation to the total 
number of genes is infinitesimal, is it not? 

Dr. Crow. It is small. 

Let me answer Senator Bricker’s point in a little detail. 

Representative Coir. Before leaving this difference between infini- 
tesimal and small; that is a tremendous area. 

Dr. Crow. I agree. 

Representative Cote. I would like to have you indicate on the record 
just what you mean by small as against infinitesimal. 

Dr. Crow. Yes. Let me be a little more thorough about what you 
would like to know. You would like to know what proportion of the 
genes actually in the population are harmful versus that proportion 
which is beneficial ? | 

I do not think the geneticists can answer that question in general. I 
do not think we have that kind of information. I can say that the 
proportion of sperms or eggs carrying a newly arisen mutant gene in 
any one generation may be of the order of 5 percent or so, perhaps as 
- much as 15 percent. 

That is what I mean by small. 

Representative Coz. Newly arisen ? 

Dr. Crow. Yes. Newly mutated genes. By “newly” I mean having 
occurred in that generation. 

Representative Core. And out of that 5 percent, how many are 
harmful? 

Dr. Crow. Practically all of them. 

Representative Corn. So then your testimony is that 5 percent of 
the mutated genes are harmful ? : 

Representative Houirietp. Let us see if the Chair can understand. 

The 5 percent that you spoke of was a rise in the rate of mutated 
genes. It did not refer to a 5 percent of the total number of genes. 
Am I right on that, or would you say that 5 percent of the genes are 
damaged, and the rate has risen to the point where 5 percent of the 
total number of genes are damaged ? 

Dr. Crow. I think I have confused this a great deal more than I 
have helped it. 
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Representative Horirrerp. No, we are the ones who have confused it, 
Doctor. You go ahead and straighten it out if you can. We will do 
our best to help you. 

Senator Bricker. Will you come to my question next? . 

Dr. Crow. Yes. Let me answer Senator Bricker’s question. 

The implication of your question is that if I say the great majority 
of mutants that occur are harmful, why is it that the great majority 
of genes that now exist in the population are beneficial ? 

The reason for this is natural selection. The mutant genes that have 
occurred in the past have been weeded out by the process of natural se- 
lection so that the genes which now are part of the normal population 
are those which have been retained by this process of natural selection. 
Therefore, even though the great majority of mutants at the time they 
occur are such as to cause harmful effects to the descendants, the ones 
which cause the most harmful effects are eliminated by natural selec- 
tion. The genes left in the population are the beneficial ones. 

Senator Bricker. You would not say that all mutants are 
deleterious. 

Dr. Crow. No. I didnot say that. Isaid the great majority. 

Senator Bricker. There are some thai are beneficial. 

Dr. Crow. That is correct. 

Senator Bricker. Those are the ones naturally selected through the 
generations by the process of evolution. 

Dr. Crow. Yes. May we go on from here? Iam sure I have left 
the previous point in a state of considerable confusion. I think I can 
straighten it out as I go along. 

Representative Hoirretp. Go ahead. 

Dr. Crow. I think the things I say subsequent to this will straighten 
it out. So will the following speakers. I want to emphasize one 
point, though, and that is that the typical mutation is not-a gross 
freak. Here I must rely largely on information from fruitflies, and 
this information tells us that the typical effect of a mutation is not a 
gross effect on the fly that can be seen but is much more likely to be 
something leading to the death of the fly and still more likely to be 
something that leads to an increased probability of early death of the 
fly without the certainty of it. 

So the most frequent class of mutation that we can study in fruit- 
flies is a kind that causes a slight impairment in the survival of these 
flies, but no obvious externa] effect. 

I suggest by analogy that most mutations in man would produce 
various body impairments leading to increased susceptibility to dis- 
ee lower life expectancy, increased embryonic death rate and similar 
things. 

All of these are occurring anyhow due to all sorts of causes and 
therefore it is ordinarily impossible to tell whether a particular in- 
stance of impairment or death is or is not of mutational origin. 

3. My third main point is that one might perhaps think that muta- 
tions that cause only a minor impairment are unimportant, but this is 
not so far for the following reason: Deleterious mutant genes are 
eventually eliminated from the population since they generally in- 
crease the death rate or lower the fertility of the person carrying 
them. A mutant that causes a great deal of harm is eliminated in 
a few generations. But one that causes only a small amount of harm 
will persist much longer, and thus affect a correspondingly larger 
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number of persons. On the average the larger number affected by a 
mild mutation roughly compensates for the lesser effect on the in- 
dividual. | 

Since minor mutations in the long run can do as much harm as 
more drastic ones and occur much more frequently, it follows that most 
of the mutational damage in a population is due to the accumulation 
of individual minor effects. This means that an estimate of muta- 
tional damage that considers only obvious hereditary diseases and 
conspicuous abnormalities is probably a gross underestimate of the 
total damage. ‘The effect of minor mutations, though intangible in 
the sense of ordinarily being indistinguishable from the other ills that 
we are beset with, is probably in the aggregate much more important. 

4. Evidence from experimental animals, principally Drosophila, 
indicates that the number of mutations produced 1s strictly propor- 
tional to the amount of radiation received. These are departures from 
this straight-line relationship at high doses, but these are too high to 
be likely to be encountered in any ordinary human situation. It is tech- 
nically impossible to test this relationship for the very lowest doses, but 
the straight-line relation holds down to the smallest amounts that have 
been studied. Also from purely physical considerations, one would 
expect linearity at low doses. I have in mind the kind of analysis 
Dr. Pollard made yesterday. 

For these reasons a simple proportionality between the amount of 
radiation and the number of mutations is fully accepted by geneticists. 

The proportionality between dose and mutation production holds 
irrespective of the intensity or spacing of the dose. That is, 100 roent- 
gens given at one dose is exactly equivalent to the same total given as 
a series of small doses over a long period of time. Also from the stand- 
point of future generations, it makes no difference whether one person 
receives 10 roentgens or 10 persons receive 1 roentgen; the effect on 
future generations is the same. 

The total harm to the population, as measured by effects on future 
generations, is strictly proportional to the total amount of radiation 
received by the reproductive cells of the population. 

Senator Bricker. Regardless of the number of people involved ? 

Dr. Crow. Yes. 

Representative Hortrretp. This, then, would establish as far as the 
majority of the geneticists are concerned the principle of linear pro- 
gression in deleterious effects of radiation regardless of amount ? 

Dr. Crow. That is correct. A nonthreshold situation, to put this in 
yesterday’s vocabulary. 

This means that there is no such thing as a safe dose of radiation to 
the population. Any amount of radiation, however small, that reaches 
the gonads—testes or ovaries—of a person who may later reproduce, 
involves a risk proportional to that amount. The benefits of radiation 
must be considered in relation to this risk. 

Senator Bricxer. I do not see how you distinguish that rational 
analysis with the radiation background that we already have. 

Dr. Crow. I would say, Senator, that the mutations that we now 
have that are produced by earth background and cosmic rays are them- 
selves harmful. It is something we have been putting up as a popula- 
tion for a great many generations. But I do not say it is good. 

Senator Bricker. This process of natural selection has overcome 
the deleterious effects ? 
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Dr. Crow. That is correct. 

Representative Horirmp. Only to the extent that it has gradually 
by natural selection strengthened the race rather than allowing it to 
become weaker and weaker. ‘To the extent that those harmful genes 
did produce weakened individuals, to that extent, speaking from an 
individual standpoint, there was no overcoming by natural selection. 

Dr. Crow. Yes. Let me amplify that a bit. 

The way natural selection usually operates is through death and 
disease and misery and the elimination of deleterious genes has been 
from our standpoint a cruel process. It is our concern with minimiz- 
ing this that leads us to worry about the possibility of an increased 
mutation rate. 

I would very happy if there were some way of decreasing the spon- 
taneous mutation rate. 

Representative Houirrerp. Let me go further, then, and ask if there 
is a tendency before fertilization or immediately prior to the fertiliza- 
tion of the ovum for a healthy gene to mate with a healthy gene, or is 
the tendency for a healthy gene to mate with one that is harmed by 
mutation ¢ 

Dr. Crow. I think I would say that the joining of sperm and egg is 
purely random and the sperm and egg is ignorant of its own content as 
far as the probability of fertilization is concerned. | 

Representative Horirrenp. Therefore, the fact that it is a random 
selection at that point results in either abnormalities or w eakened 
individuals, is that correct? | 

Dr. Crow. That is correct. 

Representative Hoxtrietp. You may proceed. : 

Dr. Crow. The statements thus far made rest on a great number 
of experiments on a large variety of experimental] organisms—for ex- 
ample, viruses, bacteria, fungi, corn, insects, mice—and the results 
from one agree with those from others. 

Furthermore, there is some direct, though fragmentary evidence 
for radiation effects in man from study of children of radiologists and 
of patients who had heavy therapeutic doses of radiation. ‘Fortun- 
ately, biological effects of radiations have been extensively studied 
for many years and there is a large body of well established know]- 
edge which we can make use of in the present situation. 

Let me remark, parenthetically, that: it is fortunate that the de- 
velopment of genetics preceded the discovery of nuclear energy. Two 
ef the men who have contributed most of this development, Doctor 
Sturtevant and Doctor Muller, will follow me on this stand. 

It was almost exactly 30 years ago that Muller first discovered that 
X-rays enhance the mutation rate in fruit flies. We now have a suf- 
ficient backlog of knowledge of radiation genetics to proceed into the 
atomic era with due caution for possible harmful genetic effects. 

I want to say a little bit about the distribution in time of the ef- 
fects of mutations that might be induced at the present time. 

In the first generation after radiation there would be an increase 
in hereditary diseases. But, as emphasized earlier, most of the harm 
would be of a generalized sort, not overtly distinguishable from other 
human weaknesses. The total dama ge would be spread out very thinly. 
over many generations, with the ereatest amount the first generation 
and slowly ‘diminishing amounts in succeeding gener ations. 
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Senator Bricker. Does the same thing hold true with mental de- 
velopment as with the physical ? 

Dr. Crow. As far as we know. 

Senator Bricker. The same ratio? 

Dr. Crow. I think so, sir, though nobody knows for sure. 

Representative Van Zanpr. Will this hold true regardless of the 
amount of the dose ? 

Dr. Crow. Yes. 

Fruit fly data suggest that the mutations would probably persist 
for a long enough time, that half of the total damage would occur 
in 30 to 50 generations. I state this to give some sort of perspective 
in time as to what we are dealing with. In other words, I am dealing 
with something that is occurring over dozens of generations and there- 
iore thousands of years. 

Despite some uncertainty as to details, we can safely say this: The 
genetic damage from radiation is spread over a very long time in the 
iuture, with only a small fraction appearing in the first generation. 

Representative Horirieip. At this pont may I ask you this: If a per- 
son is damaged by radiation it will be entirely possible for that person 
to have norma] children and those children not be damaged by the 
radiation, but the damage might appear in a grandson or great grand- 
son ? 

Dr. Crow. Yes; or a great-great-great-grandson. Not only is that 
possible, I think that is the rule. 

Representative Horirretp. So then we cannot draw the conclusion 
that a person who has received a substantial dose of radiation, even 
though his children are normal, that there has not been damage. done 
to the genetic pool. 

Dr. Crow. That is correct. 

Senator Bricker. There has to be some radiation effect upon the 
genes entering into the first generation or it does not carry on. 

‘Dr. Crow. That is correct, too. The genes themselves are damaged 
but they would not necessarily cause any damage in the person. 

Senator Bricker. The personality or the physical attributes of the 
first generation. If those genes are not affected in the first crossing 
then there is no deleterious effect ? } 

Dr. Crow. In that particular generation ? 

Senator Bricker. In that lot. | 

Dr. Crow. It is a little different point. We have gotten confused 
on the same point again. An individual that received from his parents 
a defective gene may or may not and usually will not shown any con- 
sequence of that particular gene. At the same time he has a certain 
probability of the effect showing up and some one of his descendants 
on the average will show the effect. 

Senator Bricker. But it is only a small minority of the genes in 
the parent that are affected. 

Dr. Crow. That is correct. 

Senator Bricker. If the particular gene entering into the first gen- 
eration is not affected deleteriously there is no effect upon subsequent 
generations. 

Dr. Crow. That is correct. 

Representative Honrrrevp. But is it not true in the case of a female 
that at birth the female child has all of the supply of ovum that she 

will have for her whole lifetime ? 


/ 
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Dr. Crow. Thats correct, too. 

Representative Hoririretp. So therefore somewhere in that chain of 
ova would be a possible harmed gene. 

Dr. Crow. That is correct. 

Representative Horirmeip. That is where it would come up In future 
generations. It would be that transmission of the total supply to 
each descendant which would carry forward the mutated genes as 
well as the normal genes. 

Dr. Crow. Yes. What may appear as a contradiction between what 
Senator Bricker said and what the chairman has said is this point: 
Each time sperm and egg are produced there is a sampling process in 
which some of the genes are transmitted; some others are not. ‘That 
means it is perfectly possible that a harmful gene a person carries will 
not be transmitted to the next generation. It is just as likely by 
chance that it will be transmitted twice as often to the next generation. 
I have ignored this fact since these chance effects cancel out in the 
long run. 

Representative Van Zanpt. Will you describe the nature of the 
effects on the succeeding generations ? 

Dr. Crow. I think the most important thing to say of the nature 
of such effects is that they are not of a specific sort. They are of the 
same sort of ills that you and I are already beset with. Decreased life 
expectancy and increased susceptibility to all sorts of diseases. 

I want to make the point that genetic harm is not distinguishable in 
any way from other kinds of harm and that is what makes our problem 
so difficult. 

Representative Van Zanpt. Would it have a tendency to break 
down the resistance of the body to various types of diseases? 

Dr. Crow. I think so. 

Representative Hortrieip. For the benefit of the lay reader and the 
committee, could you not give us now on the board the chronological 
placket of the germ so that we could understand the different 
steps ¢ . 

Senator Hickrniooprr. Mr. Chairman, before he gets to that very 
complicated situation, I wonder if I could ask just one more question 
about this matter, which the chairman raised a moment ago, about 
damage to the ovum in the female. 

Assuming that there is a radiation effect which might or might not 
damage the ova supply, would that tend to damage all of the ova or 
would it be selective after a fashion and only damage some? 

Dr. Crow. I would say that the radiation acts completely blindly. 
Which particular future egg or sperm is affected as a consequence of 
radiation is entirely random. 

Senator Hickrntoorer. That is purely one of hazard or chance? 

Dr. Crow. Yes. 

Senator Hicxentoorrer. Do I understand you to suggest that under 
ordinary circumstances of exposure to radiation, not all of the ova 
or all of the sperm would suffer damage? 

Dr. Crow. Yes. 

Senator Hickrntooprr. Let me ask you this as far as a female is 
concerned. 

Dr. Crow. Let me make one statement first. This is where my first 
ficure that I was mentioning a while ago comes in. I would suspect 
that in any particular generation from spontaneous normal causes 
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about 5 percent, perhaps more, of the sperms or eggs produced by an 
individual will carry a new mutation. Meath 

Senator Hicxen.oorer. Now we get down a little further to the 
practicalities of the situation. I presume your statistics and figures 
with regard to possible mutation or change or something of the kind 
that might enter in there would be based on an assumption that every 
ovum or every egg would be fertilized. 

Dr. Crow. No. ~ 

Senator Hickrntooprr. Out of that complete fertilization a certain 
percentage would be bad? 

Dr. Crow. No. 

Senator HickeN.Loorrr. Which leads me down to the question of 
the whole supply of ova which a female may be born with and which 
she may produce during a life and how many of those in the normal 
course of human life are actually fertilized. 

Dr. Crow. Only a small fraction, as you are pointing out. 

Senator Hickenuoorrr. Does that alter or change your percentage? 

Dr. Crow. No, I do not think it changes a thing, Senator. The 
particular ovum or sperm that succeeds in being fertilized or fertiliz- 
ing is a random sample of all that are produced. The numbers are 
very large and I assume that we can use the kind of statistical analysis 
that one always uses with large numbers. 

Senator Hickrentoorrr. Do I understand that you are suggesting 
that while a very small amount, percentagewise, of the ova that are 
produced are fertilized, that the percentage of injury to that small 
percentage that would be fertilized, would that be consistent as pro- 
portionate to the whole? 

Dr. Crow. That is correct. The injury among those fertilized is 
exactly the same as those not fertilized. 

Senator HickENLoorerR. On the whole supply ? 

Dr. Crow. Yes. 

Senator Hickentoorer. Thank you. 

Dr. Crow. It should be emphasized that not all spontaneous muta- 
tions are due to radiations. Part are due to natural radiations—cos- 
mic rays, ground radiations, radioactive isotopes in the body, et 
cetera—but many mutations, probably the majority, have other, 
mostly unknown, causes. a 

I am saying that most mutations are probably not caused by radia- 
tion at all, including natural radiation or manmade. 

Spontaneous mutations that have occurred in the past probably, 
directly or indirectly, account for a substantial fraction of human 
physical and mental impairments. One way of attempting a quantita- 
tive assessment of possible radiation damage is to compare that due 
to manmade radiation with that from spontaneous mutation. 

If I compare spontaneous mutation rates in man for those few 
genes that have been carefully studied with the radiation induced 
rate of mutation in mice, which is the best we can do because we have 
no quantitative data on man, one can estimate that it would require 
about 50 roentgens to produce by radiation a number of mutations 
equal to those that occur naturally. . 

I shall call this, as people have previously done, a doubling dose. 
That is, if your genes are as mutable as those of mice it would re- 
quire about 50 roentgens to produce by radiation as many mutations 
as occur spontaneously. 
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Needless to say, this is subject to a considerable uncertainty. The 
National Academy of Sciences Committee on Genetics estimated 30 
to 50 roentgens. ‘The British Committee reached the sam‘. snelusion. 

We, that is, the members of the Academy of Science Committee, 
have been told that the amount of radiation due to fallout at present 
rates would amount to something in the vicinity of one-tenth of a 
roentgen in a 80-year period. I shall choose a 30-year period be- 
cause that is about the average age of reproduction. From a genetic 
standpoint this is the important aspect of the life cycle. 

If a rate of one-tenth roentgen were to continue indefinitely, and 
the 50-roentgen- doubling dose that I previously gave is assumed to 
be correct, this means that the population would eventually have an 
increase of one five-hundredth in genetic damage. Even if my esti- 
mate of 50 roentgens is much too high, the damage would still be 
a small fraction of the genetic damage due to other causes. The 
lowest possible value for this doubling dose would be of the order 
of 3 to 5 roentgens. That is, this would assume that only radiation 
can produce mutations and therefore all spontaneous mutations are 
due to background radiation. : 

Senator Bricker. That is not always true. . 

Dr. Crow. No; I do not think it is true. I am trying to set a lower 
_ limit on the frequency of natural mutation or an upper limit on 
the consequences of fallout. 

Representative Cotz. Is it possible to distinguish the source of the 
cause of spontaneous mutations? They are not all caused by radia- 
tion. | | 

Dr. Crow. No. 3 

Representative Corn. Is it possible to segregate the causes of spon- 
taneous mutations—those attributable to radiation and those due to 
unknown causes ? | bo 

Dr. Crow. No; itis not. In any particular event one does not know 
whether this mutation is caused by radiation or something else. 

As I said before, ordinarily one does not know whether a particular 
illness is caused as a consequence of mutation or not. In no case can 
we trace back a particular instance of disease to a radiation effect or to 
other kinds of mutational effect. | 

Representative Cotz. By experimentation you can prove that radi- 
ation or induced radiation does result in mutations. 

Dr. Crow. On a statistical basis; yes. Of course, in experimental 
animals the evidence is much more precise than this. 

If I make this minimum assumption; that is, that all mutations 
that occur spontaneously are due to background radiation, and the 
fallout rate of one-tenth roentgen per 30 years, the mutational damage 
would eventually be increased by about 3 percent. That is, there 
would be a slow rise up to a point where the present damage due to 
mutation, whatever that be, would increase by a factor of about 3 
percent. . 

Representative Cotr. Doctor, how can you make that assumption, 
that all spontaneous mutations are the result of radiation ? 

Dr. Crow. I am trying to set a maximum on the effect of fallout. 
By setting a maximum on the effect of radiation I think we can set a 
maximum on the amount of fallout damage. 

; Perle be Coir. In making that assumption you admit it is 
allible. Hie 
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Dr. Crow. Yes. It is a very unlikely assumption. I am trying to 
make an extreme assumption for the purpose of setting an upper limit. 
So I beliss «that we are completely safe in concluding that fallout at 
the present rates will increase the existing genetic damage by only a 
small fraction, even if continued indefinitely. 

Representative VAN Zanpvt. A body has 50 roentgens already, 

Dr. Crow. Let me say the body already has a mutation rate equiv- 
alent to that produced by 50 r. of radiation. 

Representative Van Zanvr. Taking into consideration the present 
fallout, would it be increased by 8 percent over a period of 80 years ? 

Dr. Crow. My best guess was not 3 percent. My best guess was 1 
part in 500. It might be as much as 3 percent. 

Senator Bricker. But there 1s nobody who believes that all the mu- 
tational changes in human life and the characteristics of body and 
mind are due to radiation. | 

Dr. Crow. I do not believe anybody believes that. 

~ Senator Hickentoorrr. Possibly do some of these mutations occur 
from chemical processes ? 

Dr. Crow. Very likely. I wish we knew the causes of all mutations 
but don’t. 

Although the general conclusions so far given are well eatabhcled 
‘and there is no disagreement among geneticists, the quantitative 
assessment of human mutational damage 1 is much less certain. There 
are no quantitatively reliable human data on radiation-induced muta- 
tion, and the figures from different experimental organisms are not 
in quantitative ‘agreement. About the best we can do is to take the 
animal nearest man, in this case the mouse, as an indicator of possible 
human effects. 

J think at this point there are two alternatives. One can say, as 
some geneticists prefer, that our quantitative data are so uncertain 
that we had better make no statements at all of a quantitative nature. 
Alternatively, we can say, as other geneticists do, that a poor numer!- 
cal estimate is, better than none at all. I belong to the latter group, 
so I shall, therefore, proceed to make some estimates as to the genetic 
consequences of the amounts of radiation involved in fallout. 

Senator Hickentoorer. I am sorry to keep interrupting you, Doc- 
tor, but, ahey I ask, do some mutations have a beneficial efiect oc- 
casionally ? 

Dr. Crow. I think a very small minority of mutations probably 
have a beneficial effect. 

Senator Hickentoorrr. We have had experience in mutations in 
grain where exposed to radiation, and I think the record shows that 
while in the overwhelming number of those mutations the progeny 
is less desirable than the ancestor, yet in a certain small. percentage 
the mutations produced are in many ways far superior to the ancestry. 
Is that your understanding ? 

Dr. Crow. I think that is very likely true in man as well, Senator, 
but neither you nor I would suggest 

Senator Hicxenxoorrr. I am sorry; I understand that you talked 
about that on the record before I came in, and I do not want to go 
over the same ground. 

Dr. Crow. Ihave a sentence I want to say, anyhow. J think neither 
you nor I are willing to suggest that we sacrifice 999 persons with in- 
ferior mutations in order to ‘eet 1 beneficial one. 

93299°—57—pt. 22 
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Senator Hicxrentoorrr. I think we agree that is not even a 50-50, 
1. horse and 1 rabbit, but I only wanted to be assured on the point 
that, in effect, not all mutations are bad and that if we have to have 
mutations there might be some modicum of benefit that would come 
out of it. 

Dr. Crow. A very small amount. 

Senator Bricker. Would you say the percentage is 1 to 10 as to 

ood ? 
g Dr. Crow. No. Itismuch smaller than that. 

Senator Bricker. It has been proved between 5 and 10 in some 
of the grain experimentation. 

Dr. Crow. I do not think so. I think the proportion of beneficial 
mutations that actually occur in grain or anything else is hardly 
higher than one in a thousand and may be much less than that. The 
reason the grainman can make use of this very rare beneficial mutation 
is that he can afford to throw out 999 of 1,000 grains and save the one 
that is superior. » 

Senator Bricker. That is what they do. I thought the percentage 
was a little higher. 

Dr. Crow. I do not think so, Senator. I think it is much lower. 
I do not care too much whether it is 1 percent or one-tenth of 1 per- 
cent or one one-hundredth percent. Itis very small. } 

Senator AnDrrson. Was that the experience at Brookhaven when 
they were testing grain? 

Dr. Crow. I do not know the exact figures. 

Senator AnpEerson, Would that not be interesting to know ? 

Dr. Crow. I think it would be interesting, but I do not think it is 
too important from this particular consideration. It is very small, 
and that is what I am concerned about. | 

Representative Hottrierp. Is it not true that Burbank made thou- 
sands and thousands of experiments of crossbreeding in the plant field 
before he found a superior berry or superior fruit ¢ 

Dr. Crow. That is correct. 

Representative Horirreip. And that the actual cross-pollination 
and selection of pollen went into a thousand experiments before he 
found what he wanted ? 

Dr. Crow. That is correct. That is the way the modern plant 
breeder works. He grows thousands and thousands of plants, selects 
the one plant that shows the traits he wants, and throws all others 
out. 

Representative Horirietp. Which, again, proves the general state- 
ment that mutuations, generally speaking, are in the high proportion 
harmful. 

Dr. Crow. That is correct. 

Representative Hotrrietp. Or degenerating rather than strength- 
ening the strain. 

Dr. Crow. That is correct. 

I want to emphasize in these figures that I am about to present the 
large errors of measurement and the uncertainty of the assumptions 
involved in these estimates. To be concrete, I have prepared numeri- 
cal estimates. I have prepared numerical estimates of the actual num- 
ber of cases of different kinds of genetic harm that might be expected. 

I shall assume a population of 2 billion children whose parents re- 
ceived an average of one-tenth roentgen. ‘To repeat, one-tenth roent- 
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gen is roughly the amount that one might expect from fallout, accord- 
ing to the figures that have been published in a 30-year period. This 
may be too high; it may be too low. But it will give us a rough idea 
of the general magnitude of the risk. | 

Two billion is roughly the number of children that will be born in 
the entire world in the next generation whose parents have been ex- 
posed to fallout in this generation. 

Representative Van Zanpr. You are basing your figures on present- 
day test rates. 

Dr. Crow. Yes. Iam using the figures given to the Academy Com- 
mittee and which agree with those published by Dr. Libby in his re- 
port last spring. Let me put some of these figures on the board, please. 
I think that is perhaps the best way to do it. 

(The material on the board was as follows:) 


Number Fraction» y 
Proportion | which exist- 
Kind of damage of total ing abnor- 
First genera- Total for population malities 
tion only future gen- affected would be 
erations increased 
Gross physical or mental defect_....-..-_-.---- 8, 600 80, 000 1/250, 000 
Stillbirths and childhood deaths__...-...--____- 20, 000 80, 000 1/100, 000 0. 0001 
Embryonic and neonatal deaths__.....-.------- 40, 000 700, 000 1/50, 000 


NoTEe.—Plus a larger but unknown number of minor or intangible defects. 


Dr. Crow. I have written here rough guesses, which means that 
is what they are. I hope nobody takes the numerical values as being 
worth very much as numerical figures. They may be five times too 
high or low or more. I want only to give some rough indication, as 
I said before. 

I am assuming that the parents had an average of one-tenth of a 
roentgen and there are a total of 2 billion children. I am going to 
give the number of various kinds of abnormalities both in the. first 
generation and the total for all time, and I am going to give these 
figures in absolute figures, because these will be large, and then I am 
going to give them as percentage figures, and they will be small. That 
will make my principal point, as a matter of fact; the numbers are 
large, but the percentages are small. 

Senator Anperson. Doctor, can I go back to the statement of yours 
a minute ago that quantitative data are so uncertain that we better 
make no statements at all. 

Is it not possible that by taking these assumptions of yours that 
parents are only going to receive one-tenth and there will be 2 billion 
children born and so forth, that you are going to come out with some 
figures that are very reassuring that there is no danger in these tests, 
but you have no figures to back it up. 

You keep making a statement that they are all right and then you 
say it is based on figures that do not mean anything. 

Dr. Crow. I have not been sending out statements that it is all 
right. 

Senator Anprrson. You are about to make one as to the number of 
children based on assumptions. If I assume that today is Sunday I 
can prove it is only a 5-day week. 
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: ie Crow. Let me finish my statement, Senator, and then come 
ack 

Senator emanaed It is the assumption that you start with. If 
there are 3 people up here and if 2 go the place is practically deserted, 
but there are more than that. 

Dr. Crow. I say I have made what seem to me to be reasonable as- 
sumptions. That may be wrong. There is a high probability that 
numerically they are wrong. I still hold to the me ea that we are 
better off estimating very crudely what the numbers involved here 
are than not making : any numerical estimates at all. That is all I want 
to proceed with. I do not want anybody to take these more seriously 
than they deserve. 

Representative Van Zanpt. Dr. Crow, as I understand it, you are 
here to give us the benefit of your thinking. 

Dr. Crow. Yes. I do not want to speak for geneticists as a whole 
or commit myself to any certainty as to actual numerical values. 

The first category I want to talk about is gross genetic disease. I 
include in this both physical and mental disease, known or suspected to 
be of fairly simple genetic origin. 

I would estimate something like 8,000 such cases is the first genera- 
tion, and a total of some 80 000 all told. This would make up a frac- 
tion of about 1 in 250,000 in the population. 

I have in mind here the kind of diseases that I referred to earlier. 
These may be serious mental diseases, serious physical diseases, de- 
formities, mostly things of a rather clear hereditary origin. 

In the second line we have death rates in childhood, including still- 
births. I will call this stillbirths and childhood deaths. The number 
I would give to this is 20,000, or a total of 300,000 for all time, making 
up in any one generation a fraction of about 1 in 100,000. 

Then the final category I want to mention are embryonic deaths and 
deaths around the time of birth. I am going to call this neonatal 
deaths. I would guess for that 40,000 the first generation, 700,000 
total, or a fr action of something like 1 in 50 5000. 

I have one other figure I would like to note and that is that these 
collectively make up “about 0.0001; that is, approximately 1/10,000 
of the normal incidence of these conditions. 

I want to add at the bottom “Plus a larger but unknown number 

of minor or intangible defects.” 

I do not want to tell you in detail how these estimates were gotten. 
I would be glad if you like, to insert in the record the procedures by 
which there were obtained so that they could be independently checked 
by others. 

Representative Horirretp. I think you should do this. 

Dr. Crow. I shall be glad to do that. 

(The information referred to follows:) 


PROCEDURES BY WHICH ESTIMATES OF GENETIC DAMAGE WERE MADE 


These estimates ignore the effects of completely recessive factors. Such 
factors would have a probability of expression of much less than 1 percent in 
any 1 generation unless the amount of consanguineous marriage were high, or 
there were a high frequency of the mutant allele already in the population. The 
latter is not likely to be the case except for a few genes (such as thalassemia in 
some populations) that are maintained by some sort of selective balance. There 
is substantial evidence in drosophila, and some in mice and humans, that reces- 
sive genes generally have some effect as heterozygotes and that this effect is 
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large enough to constitute the main effect of these loci on the population. The 
early evidence has been summarized by Muller (American Journal on Human 
Genetics 2; 111-176, 1950) and there are recent confirmations. It therefore ap- 
pears likely that most “receSsive” mutants are eliminated as heterozygotes be- 
fore they ever have an opportunity to become homozygous. My estimates are 
based on this assumption, I think this is reasonable as a first approximation. 
To the extent that the assumption is wrong the damage would be spread over 
hundreds rather than dozens of generations with correspondingly less effect on 
each, though the total effect would be about the same. | 

The mehods used in arriving at these estimates are explained in an article soon 
to appear (Eugenics Quarterly, July 1957). Briefly, they are as follows: 

The number of gross physical and mental defects was obtained this way. The 
number of abnormalities of fairly simple genetic origin is estimated as about 2 
percent of all children born (see “Genetics and Disease” by Tage Kemp, p. 190; 
National Academy of. Sciences report, p. 25). Assuming a 50 r. doubling dose 
(National Academy of Sciences report, pp. 23-4; Muller, Bulletin Atomic Scien- 
tists, 11: 336, 1955; Crow, Eugenics Quarterly, 3: 201-208, 1957), 0.1 r. continued 
over many generations would lead at equilibrium to an increase of 0.1/50, or 
(1.002, in. these types of abnormalities. The total effect over all time of 1 genera- 
tion exposure is equal to the effect of 1 generation at equilibrium after repeated 
exposure. Thus, assuming a stable population of 2 billion births each genera- 
tion, the total affected from one dose of 0.1 r. would be 0.020.002*2 10° or 
80,009. The National Academy Committee suggests that about 10 percent of the 
gamage would appear the first generation, making 8,000 out of 2 ‘billion, or 
1/250,000 of the population. The normal incidence of such conditions, genetic 
and. nongenetic, is about 5 percent, so the 0.1 r. would cause an increase of 
8,000/100 million=0.00008, or approximately 0.0001. 

The estimates on stillbirths and childhood deaths are based on an estimate 
from the increased death rate in children of consanguineous marriages (Morton, 
Crow, and Muller. Proc. National Academy Sciences 42: 855-863. 1956). This 
estimates about 8 percent as the proportion of stillbirths and childhood deaths 
at mutational equilibrium. Again assuming a 50 r. doubling rose, 0.1 r. would 
lead to an increase of 1/500, or 0.002. . In a population of 2 billion this leads to 
a total number of 0.08 x 0.002 x 2x 10°=320,000 or approximately 300,000. Droso- 
phila data suggest that the typical “recessive” mutant has about 4 percent domi- 
nance, and making a small allowance for inclusion of dominant factors, I esti- 
mate 6 percent of the damage the first generation. Six percent of 320,000 is 
19,200 or approximately 20,000. ‘The total death rate in these ages in the popu- 
lations on which these studies were made. was about 12 percent, hence the effect 
of 0.1 r. is 20,000/240 million=0.000083 or approximately 0.0001. 

The data. on embryonic and neonatal deaths come from Russell’s data on 
radiated mice. When the father had 300 r., the litter size (counted at age 3 
weeks) was reduced by about 3 percent (Proc. Intern; Conf. on Peaceful Uses of 
Atomie Energy. 2:382-383). If both parents received 0.1 r., the effect would 
be 0.2/300 as great. Hence the estimated first generation effect is 0.03 x 0.2/309 X 
2X10°=39,600 or approximately 40,000. Again assuming 6 percent the first 
generation, the total effect is 40,000/0.06=670,000 or approximately 700,000. 


Dr. Crow. Let me give a rough indication. 

These are based on statistical data on the frequency of such diseases 
and the assumption that mouse provides us a good indication as the 
radiation induced mutation rate. I have to use Drosophila data. The 
animal I am talking about here is in a sense a composite of a man, 
mouse, and fruitfly. To whatever the extent the information from 
these other organisms is relevant, these figures are reliable. 

The stillbirths and childhood deaths are based on human figures for 
death in these ages gotten in a very indirect way that I do not want to 
take time to describe from the frequencies of different kinds of deaths 
in children of parents who were related. Once again I have to make 
use of fruitfly data in order to complete this estimate. 

The third row of figures is based on embryonic death rates in mice 
in Russell’s data. These are deaths that occur in mouse embryos and 
postnatally up to the age of 3 weeks. 
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Note that the second and third rows are not exclusive. Stillbirths 
and infant deaths are included in both groups. 

I hope I have indicated that these all depend on mouse and fruitfly 
data and if man is different, the figures are no good. I think these are 
about as good an indication as one can get at this time. 

Representative Horirieip. There is no doubt that the mammal case 
would be much closer to the man than the fruitfly. 

Dr. Crow. I think so. 

Representative Houirreip. The only reason for using, or the chief 
reason for using, the fruitfly is the rapid span of life. © 

Dr. Crow. That is correct. And the tremendous backlog of infor- 
mation in the fruitfly that we possess as a consequence of a great many 
years of work by geneticists. 

Let me say in general that I have used human data when I could. 
When I could not, I used mouse. When neither human or mouse data 
is applicable, I have used fruitfly data. | 

I have one summarizing paragraph. : 

Despite the quantitative uncertainty of these estimates, I believe 
they have enough validity to permit some definite conclusions. One is 
that with the present levels of fallout, the amount of genetic damage 
in future generations from this cause will be a very small fraction of 
the total human death, disease, and misery. On the other hand, the 
number of persons exposed to fallout is as large as the world popula- 
tion, and therefore we can be sure that several hundreds, or thousands, 
or tens of thousands, or perhaps more persons will be diseased, or de- 
formed, or will die prematurely, or be otherwise impaired as a conse- 
quence of fallout if the present rates of testing continue. In my opin- 
lon, even one unnecessary individual tragedy is too many, and no in- 
crease in radiation for any reason should occur unless it offers some 
compensating benefit for mankind. 

Representative Hortrretp. Thank you, Dr. Crow. I am sure there 
will be some questions. 

Senator Hickenuoorrr. Doctor Crow, perhaps you mentioned this, 
and I am sorry I was a little late in getting in, but did you discuss 
or have you studied or examined any data over a substantial period 
of time with regard to the Indians who live in the monazite sand dis- 
trict of India and the genetic data with respect to those generations 
that have developed in that monazite sand area ? 

Dr. Crow. My understanding is that a study of this is contemplated. 
Tam not aware of any data yet coming from that. 

Senator Hickentoorer. In the record we had yesterday, I believe 
Dr. Warren gave the tremendous amount of radiation activity there 
as compared to normal where these people have been living for no 
one knows how many generations, Perhaps those studies have not 
gone far enough to produce any results as yet. 

_It would seem to me that with that tremendous overplus of radia- 
tion exposure in this monazite sand area, we might get at least some 
significant data as to what had happened generation after generation 
there, if anything. 

Dr. Crow. We might. On the other hand, we might not. I want to 
point out some of the difficulties in this kind of a study. 

One is that the numbers of persons are fairly large, but they are not 
very large with respect to what is needed for this kind of study. 
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The second is that one always has some doubt when he compares one 
community with another community that there is not something else 
that is different about these two CoM u aA besides just the radiation. 
I think it is a difficult question. 

- Senator Hickenwoorer. If we are attempting to pinpoint this for 
at least the purpose of these hearings on radiation, then I presume it 
would depend on whether there is reliable data going back a number 
of years or what the history of that situation is. From the evidence 
given yesterday that this is an area in the world where the strength 
of the radiation is many many times any possible radiation that might 
come from tests and is a number of times the radiation force of the 
normal background radiation on the average over the country or over 
the world, it - would seem to me that would be a ver y fertile field for 
seeing whether mutations of significance have actually occurred there. 

Dr. Crow. I certainly hope such a study will be done, but it has not 
been done. 

Representative Horirrenp. Are there any further questions? 

Representative Corr. Mr. Chairman, I just want to make sure my 
understanding of the doctor’s figures is correct. That is, the figures 
which he placed on the blackboard. 

Do those figures indicate that it is your very very rough guess that 
over the next § generation of the 30 years of the total number of people 
in the world who will be born with a gross genetic disease, the number 
of stillbirths out of that total, 1 out of 10, 000 of that eros number 
can be attributable to the pr esently produced radiation from fallout ? 

Dr. Crow. That is my best guess; yes. To clarify one point, I am 
assuming continuance for 30 years of the testing at the present rate. 

Representative Corr. Based on what has occurred ? 

Dr. Crow. Based on the 5-year rate; yes. 

Representative Horirreip. These figures that you give us are based 
on the present rate of testing, and if that rate of testing would in- 
crease tenfold or more as it has in the past 10 years from the original 
rate of testing in 1946, then these figures would have to be multiplied, 
would they not, by the increased rate of testing? And would it bea 
simple multiplication or would it have more effect or less effect than 
the figures involved ? 

Dr. Crow. For all practical purposes it would be a simple multipli- 

cation. If testing were increased by tenfold each of my values here 
would increase by ‘tenfold. 

Representative Horirietp. This is also assuming that the one-tenth 
roentgen is an average distribution. 

Dr. Crow. Yes, sir. 

Representative Hortrrevp. If it is not average, as we have had 
testimony is that there is no such thing as an average distribution 
of fallout, but that the fallout is heavier in the temperate zone and 
it is uneven in the temperate zone, then there would be a higher degree 
of radiation received upon some groups of individuals than the one- 
tenth, would there not ? 

Dr. Crow. That is correct. 

Representative Horirtetp. To that genetic strain possessed by those 
individuals, this would have to be multiplied at this time. 

Dr. Crow. That is correct. 

Representative Horirmrp. Assuming that they received a roentgen 
in certain areas, this would be a 10 times factor, would it not? 
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Dr. Crow. Yes. 

Representative Horirienp. And if they received 50 roentgens, it 
would be a 500 times factor ¢ 

Dr. Crow. Yes. 

Representative Hottrretp. We do know that condition does exist 
in the world. There are peaks and valleys of distribution of fallout 
from the present testing rate. 

Dr. Crow. Yes. 

Representative Hortrrexp. So in considering this average we should 
also consider the fact that it is an average and not an extreme either 
way, because there will be people who will receive no radiation from 
these tests. 

Dr. Crow. Yes. I do want to say one thing, Mr. Chairman. Most 
of the harm from this will show up several generations in the future. 
By that time I suspect that within small areas the effects of peaks and 
valleys will in a sense have disappeared because persons from peak 
areas will have married descendants of persons from valley areas and 
the children will be mixed up by that time. On the other hand, if 
there are large differences in large areas, if one continent has a heavier 
distribution than another continent, most of the descendants of per- 
sons from one continent will stay in that continent. In this case the 
difference would be important. 

Representative Hortriexp. I do not think we should leave this with- 
out pointing up that these figures again are based on peacetime test- 
ing and not upon the utilization of hundreds of weapons in a possible 
war. 

Would you care at this time to say what you think would happen 
to the genetic pool of the human race if a hundred 5-megaton bombs 
were dropped upon any country in the world by any other nation 
in the world? 

Dr. Crow. I have not made any such calculation, but my guess is 
that it would be disastrous. 

Representative Horirierp. That it would be disastrous? 

Dr. Crow. Yes. 

Representative Horirierp. I am speaking about the survival. We 
know that a lot of strains would be eliminated immediately. 

Dr. Crow. Yes. 

Representative Houirieip. To the survivors it would be disastrous 
as far as the future of mankind is concerned. 

Dr. Crow. Yes. I think a major nuclear war would be a serious 
genetic hazard as well as a serious hazard immediately. 

Representative Hoxirieip. That is the point I wanted to bring out. 

Dr. Crow. It may be, Mr. Chairman, that some of the people who 
will follow me have done some calculations on this point. I simply 
have not. 

Representative Van Zanpt. Dr. Crow, is this your best estimate? 

Dr. Crow. Yes. . 

Representative Van Zanpt. Have you taken into consideration the 
estimate of some of your colleagues in this highly specialized field ? 

Dr. Crow. Yes. Other people have made some of these same esti- 
mates. In particular the first estimate would agree with that one made 
by the National Academy of Sciences Committee. 
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Representative VAN ZANpT. Would you say your estimate is a gen- 
eral opinion of you and your colleagues? 

Dr. Crow. I think so. You will have a chance to ask my colleagues 
later on. | 

Senator Hicxenioorrr. Dr. Crow, perhaps you have covered this, 
but have you discussed whether or not there are degrees of deleterious 
effects of mutations? In other words, would some mutations be by 
hazard or otherwise worse than others, or would some mutations merely 
result in a slight alteration that would in the long run be not very 
serious at all? | 

Dr. Crow. The answer is, I think, “Yes” and “No” to your tw 
statements. Certainly mutations range from very serious to very mild. 
I did make the point earlier and I would like to repeat it now, that we 
cannot afford to ignore mild mutations because the milder mutations 
by virtue of bemg milder are less likely to cause the sterility or death 
of the person who possesses them and therefore more likely to persist 
in the population and therefore more likely to affect a larger number 
of persons. - 

So to some extent the mildness of the mutation is compensated for 
by the greater number of individuals it affects. For example this 
minor lst I put at the bottom I do not regard as negligible at all. I 
think it may be the major part of the damage. It is so intangible that 
it is very difficult to measure or even to discuss. 

Representative Horrtrrenp. Dr. Crow, I asked you a question a 
few minutes ago and it was not quite a fair question when I asked 
you about the number of weapons—one hundred 5-megaton weapons— 
so let me put it in a different way, which would possibly be more 
within your field of consideration. 

If there was an accumulation of 500 roentgens over a period of 5 or 
10 years by an average of the population, as might be expected from 
a massive attack such as I described, then would.your answer be more 
explicit ? | 

Dr. Crow. If I take the one-tenth of an r. figure that I have used 
here and convert that to 500 r., that means simply that every figure on 
this is multiplied by 5,000. I think it would be serious. 

Representative Van Zanvr. Dr. Crow, does this tear down the 
resistance in the body? 

Dr. Crow. Yes. 

Representative Van Zanpr. I am thinking of the diseases spread 
over the world from time to time, like polio, and the virus situation 
in the Far East at the present time. Would it not add to the problem 
considerably from the standpoint of deaths? 

Dr. Crow. Yes. I think what the nature of most genetic mutations 
is, as you said a few minutes ago, to lower the resistance so that the 
disease is more likely to be fatal than it would be otherwise. _ 

Representative VAN Zanpr. Therefore we would be faced with addi- 
tional hazards and other diseases that are taking a heavy toll today? 

Dr. Crow. Yes. 

Representative Van Zanor. It would greatly aggravate the prob- 
lem. 
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Representative Cotz. Before the doctor leaves, I am intrigued by 
his answer that 500 r. up in the atmosphere we would multiply all of 
his figures by 5,000. That would conclude that in the next 30 years, 
out of every 10,000 injurious effects on living persons or unborn per- 
sons, 5,000 would be due to 500 r. in the atmosphere. 

Dr. Crow. One way of saying it is that I would expect that the 
number of such effects we now have would be increased by approxi- 
mately 50 percent. 

Representative Corr. What do you calculate would be the needed 
number of roentgens in the atmosphere to make the equation 10,000 
equal 10,000? Would it be 10, or 100? It would be 1,000, would it 
not ? 

Dr. Crow. If I say one-tenth 

Representative Corn. If you say 1,000 r. is in the atmosphere then 
your fraction would be 10,000 out of 10,000 cases attributable to these 
1,000 r. 

Dr. Crow. I think that is right; 1,000 r. would, on these assumptions, 
about double the numbers for many generations in the future. 

Representative Corn. That would be ten thousand times more radia- 
tion than presently exists? | 

Dr. Crow. Yes. Ten thousand times my assumed fallout level. 

Representative Hoxtrrecp. Thank you very much. 

We are going to ask all of you gentlemen to remain until the end of 
today when we will have a roundtable discussion on this subject. We 
will do it at the end of the morning if we can. If any of the witnesses 
do have previous engagements they will be excused. 

Our next witness is Dr. Bentley Glass. Dr. Glass is professor of 
biology at the Johns Hopkins University. He has a notable record. 
We are glad to have you with us. 


STATEMENT OF DR. BENTLEY GLASS, PROFESSOR OF BIOLOGY, THE 
JOHNS HOPKINS UNIVERSITY ? 





Dr. Guass. Mr. Chairman and members of the committee, like the 
preceding witness and those who will follow me this morning, I served 
as a member of the National Academy of Sciences Committee on the 
Genetic Effects of Radiation, and I would like to have it clear on the 
record that the opinions I express this morning are my own opinions 
and not those of the Committee as such, although I believe that the 
Committee would be in agreement with them. 


2Department of biology, Johns Hopkins University, Baltimore, Md. Genetics. Born: 
Laichowfu, Shantung, China, January 17, 1906. A. B. Baylor, 1926; M. A., 1929; Ph. D. 
(genetics), Texas, 1932. Teacher, high school, Texas, 1926-28; teaching fellow, Baylor 
1928-29; National Research Council fellow, genetics, Oslo, Kaiser-Wilhelm Institute and 
Missouri, 1932-84; instructor, zoology, Stephens College, 1934-88; assistant professor 
biology, Goucher College, 1938-42; associate professor, 1942-46; professor, 1946-48 ; 
associate professor, Johns Hopkins, 1948-52 ; ach 1952-—; research associate, bureau 
of education, research in science, Teachers College, Columbia, 1936-37; Baltimore Rh 
blood typing laboratory, 1947-52; consultant, U. S. Department of State, Germany, 1950- 
51; governing board, Institute Biological Science, 1951-53, chairman, 1954—; assistant 
editor, Quarterly Review Biological, 1944-48; associate editor, 1949-; editor McCollum- 
Pratt Symposia, 1949-; Survey Biological Progress, 1954-; biology editor, Houghton 
Mifflin Co., 1946-; editorial board, Science, Science Monthly, 1948-; acting editor, 1953. 
Delegate International Union Biological Sciences, 1953, 1955. A. A.; Genetics Society, 
Society Physical Anthropology; Society Study Evolution; Human Genetics Society, 
Genetics of Drosophila; human genetics; history of genetics; suppressor genes; Rh blood 
types. (From American Men of Science, 1955.) 
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I hope that what I have prepared to say will answer some of the 
questions that have already he raised by the members of the com- 
mittee, if they have not already been adequately answered to your sat- 
isfaction. 

The hereditary material of all cells is located in bodies called 
chromosomes which are contained in the nuclei of the cells. This ma- 
terial is divisible into genes, perhaps 10,000, 20,000, or even 40,000 in 
each cell. This explains why—as I believe, Senator Hickenlooper 
asked—the matter that a large proportion of ova are not fertilized is 
not really a matter of prime concern, since we are concerned with the 
probability of mutation of the individual gene and there are so many 
of these in each cell that the probability that a mutation of some one 
cf those genes will occur after any sizable dose of radiation is con- 
siderable. There would hardly be an ovum or a sperm cell that would 
not carry a mutation of some gene or other if the dose of radiation 
were more than a few roentgens. 

Each of these genes regulates one important biochemical step in the 
living machinery, or controls some other significant property of pro- 
toplasm. The biochemical nature of the material is now identified 
as being deoxyribose nucleic acid (DNA), which forms a major part of 
the chromosomes. Permanent genetic changes, that is to say, muta- 
tions, consist then of modifications of the chromosomes and specifically 
of the DNA. 

The hereditary material not only regulates the synthesis of enzymes 
and thus controls all life processes extrinsic to itself; it also has the 
unique ability to duplicate itself so that every new cell coming into 
existence has a replica of the genes and chromosomes of the parent cell. 
This at once explains why on the one hand damage done to other parts 
cf cells can, if not too extensive, be repaired by replacing the lost or 
damaged machinery with newly synthesized parts, but on the con- 
trary damage to the genes and chromosomes is irreparable. Such 
damage constitutes a defacement of the mold, the model, the die by 
means of which the new hereditary stuff is replicated, and which there- 
fore inevitably bears the replica of every flaw in the original. Only 
by an exact reverse mutation may the damage done to the hereditary 
material by a mutation be erased.. As long as it is transmitted in 
heredity to offspring it is permanent. 

Microscopically visible fractures of chromosomes are produced by 
all sorts of ionizing radiations. In general, only those alterations 
that involve two or more breaks of chromosomes in the same nucleus, 
followed by reunions in new arrangements, can be inherited, for single 
breaks result in losses which are promptly fatal. Hence these gross 
mutations increase as the square or some higher power of the radia- 
tion dose. 

I would like to duplicate a graph that Professor Pollard presented 
te the committee yesterday, plotting dose against mutations produced. 
We might elaborate on his diagram a bit by putting in a kind of a 
substratum to represent the level of spontaneous mutation. I draw 
it all the way across, since no matter how much of a dose of manmade 
radiation is applied, this would be the proportion of spontaneous 
mutations. 
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Now the gross chromosomal mutations which are microscopically 
visible show an increase with dosage like that first curve which Pro- 
fessor Pollard drew for you. These gross mutations are generally very 
harmful but because they occur mostly only at high doses and chiefly 
in spermatozoa—rather than ova—which may be eliminated if the male 
is rendered temporarily sterile by the high dose of the radiation, they 
are not very significant in the overall picture of mutation and the 
damage that mutation does. 

Of chief importance are the so-called point mutations, in which the 
lesions in the hereditary material are submicroscopical in size. These 
increase characteristically in. direct, linear proportion to the dosage, 
and, like the gross mutations are producible by all ionizing radiations, 
such as cosmic rays, gamma rays, and X-rays, and by ionizing par- 
ticles such as beta particles, alpha particles, and neutrons, 

These are the mutations, then, that show a near proportionality to 
dosage even up to a very high dosage in all the organisms that have 
been studied experimentally. And although we cannot work on this 
region where the dose is very small the direction of that dosage curve 
points to this level of spontaneous mutation as its origin, which im- 
plies that even down to the very smallest doses each quantum of radi- 
ation is capable of producing a mutation. 

As Professor Pollard said, it would be very difficult on any kind of 
physical ground to suppose that a threshold exists, say, at this level of 
radiation, (see figure) and you had a steeper slope to the curve right 
in this low dosage range than anywhere else. 

Representative Hortrietp. Doctor, at that point, will you tell us 
where the amount of the dose begins in terms of roentgens? 

Dr. Guass. Yes. 

Representative Horrrtetp. I mean the amount of discernible calcu- 
lation which you have in your linear field. 

Dr. Guass. The data are most extensive for the fruitfly and the 
lowest dose that has actually been studied is 25 r. 
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Representative Hoxirietp. But the fruitfly is not as susceptible as 
the mammal. 

Dr. Guass. No, that is correct. 

Representative Hoxirrep. So you would have to raise that for the 
mouse or the man, would you not? 

Senator AnpErson. It would be lowered. 

Dr. Guass. The only part of the curve which has actually been 
studied—I think Dr. Russell will testify about this—is the range be- 
tween 300 and 600 roentgens in the mouse. But in some plants and in 
bacterial studies part of this curve has been extended down to 5 roent- 
gens or thereabouts. 

Representative Horirirtp. In my previous question I should have 
said a lower dose, because I knew it took more to affect the fruitfly. 

Dr. Guass. Yes. . 

Because the changes in the genes are irreparable except by exact 
reverse mutations, the effects of doses of radiation administered at dif- 
ferent time are cumulative; that is to say, the mutation rate is propor- 
tional to the total dose administered, irrespective of whether it is 
given in small doses over a long period of time or in large doses of high 
intensity as in the case of X-rays. 

Because a mutation can be produced by a single ionization in the 
right place, there is no threshold below which the amount of radia- 
tion is too small to produce mutations—that is, every dose produces 
mutations with a probability equal to its magnitude. 

This is to repeat what Dr. Crow said, that there is no safe dose of 
mutation. ‘This curve continues down without any threshold until 
it hits the zero point at the level of the spontaneous mutation in the 
population. Because the genes control important, often essential bio- 
chemical steps in the living system,.a mutation of any one of them 
1s practically always harmful, and would often be lethal, were it not 
that each cell, being lineally descended from the union of sperm and 
ego at the beginning of the individual life, has two representatives 
of each gene, the one maternal in origin and the other paternal. We 
have a kind of life insurance, so to speak, Two genes of every sort, 
so that if something goes wrong with one of them we can still carry 
on. This is very important tous. It is why most of the mutations that 
are produced, although they would be very harmful if we had 2 doses 
of them, have a much milder effect when we have only 1 mutation of 
that kind. 

Thus a mutation is often not obviously harmful at once, unless 
its effect is dominant over the normal gene of the same sort which 
is still present. But the recessive mutations are nonetheless harm- 
ful, and in many cases kill or severely handicap those persons in the 
populauen who eventually happen to inherit the same mutation from 

oth parents. This may occur only after many generations—as Dr. 
Crow said, 30 or 50 generations—have elapsed since the mutation 
originated. Consequently, harmful mutations can accumulate and be 
carried in a population without visible damage until at length an 
equilibrium is reached at a frequency where the mutation rate that 
produces each particular kind of harmful gene is balanced 
against the elimination of that gene from the population either by 
the death or by the failure to reproduce of some person who gets a 
double dose of the gene. 
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There is also evidence that even in single dose most mutant genes 
do harm, although it is of an intangible sort, affecting general re- 
sistance, shortening the life span, or reducing the fertility of its car- 
rier. I think Dr. Crow has spoken sufficiently to that point. From 
studies on the fruitfly, which are the only ones on any animal] suflicient- 
ly extensive, it appears—and I believe these are the figures you were 
asking for a while ago—that about one-fourth of all mutations are 
lethal or semilethal, 15 to 20 percent produce sterility in one or both 
sexes, and nearly all of the remainder, whether producing visible 
changes or not, reduce the vitality. Less than 1 in 100 mutations— 
probably nearer 1 in 1,000—is definitely advantageous under existing 
conditions, although some of the subvital ones might become neutral 
or even advantageous under altered circumstances. 

Two other things I would like to emphasize. First—and this is 
an important point which I have not seen previously emphasized 
in these hearings—most, if not all, of the mutations produced by 
radiation act as if they were truly losses of a part of the hereditary. 
material. Some of these losses are big enough to see in the micro- 
scope. Others cannot be seen, but are probably losses, because they 
cannot be made to revert to the original condition. For this reason, 
mutations produced by radiation are probably as a class much worse 
in nature than those which arise spontaneously. 

Secondly, there is no known way of directing mutation and of 
producing mutations of just the particular gene, a mutation of which 
may be desired. Suppose thereis one mutation in a thousand that is 
beneficial. We cannot produce just the mutation of that one sort 
we desire. We have to produce a thousand mutations and pick it 
out. Radiation acts blindly, and that is why the deleterious nature 
of the vast majority of mutations is so important. By means of sev- 
eral hundred r. of radiation, it might indeed be possible to increase 
the probability of obtaining a desirable mutation in a spermatazoa 
or egg cell to a chance of 1 per 1,000. At the same time, the prob- 
ability of getting a lethal mutation of some gene would have risen 
to 1 in 4, and the probability of getting a mutation with some degree 
of harmful effect would have become a virtual certainty. That is 
why we must wait for the slow processes of evolution to sort out 
the advantageous changes. 

The breeder, of course, can produce the advantageous mutations 
along with the many deleterious ones and discard the latter. But 
in the human population we cannot do that. 

It would be a grave mistake to think that mutations of the heredi- 
tary material are confined to the reproductive cells or germ line. 
They can unquestionably occur also in the somatic cells of any tissue— 
kidney, brain, liver, skin, everywhere—but at present we have too 
little knowledge of what consequences may follow. In case the muta- 
tions are recessive, perhaps little damage would result because of that 
insurance principle I spoke of. 

More significant would be dominant or partially dominant effects 
upon essential metabolic or biochemical processes, which might as 
a result be impaired. The loss of damaged cells would presumably 
do little harm, since in most tissues undamaged cells could take their 
places and repair would follow. But recent suggestions made here 
yesterday that leukemia and shortening of the life span, when in- 
duced by radiation, may increase linearly with the dose and show - 
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no sign of a threshold at the lower dosage rate, may imply that those 
effects, too, result from the induction of mutations by radiation, and 
their accumulation in the somatic cells. | | 

I know that Dr. Lewis would not commit himself to that point of 
view, but: I think he and others would agree that this is a possibility 
that must be recognized. Possibly cancer, in general, may arise 
through the same cumulative effect, which does not at all exclude 
the intervention of other types of agents (viruses, nutritive factors, or 
chemical agents) in the final outburst of malignancy. 

I just want to emphasize here that contrary to what many people 
seem to think, mutations are not limited to the reproductive cells. 
‘They can occur to any part of the body. If they are damaging in 
the reproductive cells we would suppose that they were damaging in 
the other cells, too. It is only because the body has the ability to re- 
place damaged cells that we can escape some of these effects. 

I shall now try to appraise the current exposure of the United 
States population to nuclear radiations, with special reference to fall- 
out. According to the views of most, though not all geneticists, the 
genetic effects of exposure to radiations ean best be weighed in re- 
lation to the magnitude of the spontaneous mutation rate, which is 
currently responsible for a certain amount of tangible genetic defect 
in the population, and a certain load of wholly or partially hidden 
mutations in individuals who carry only a single does of any particular 
mutant gene. ‘ps 

If one could confidently assume that all spontaneous mutation was 
attributable to the background radiation of the environment, the prob- 
lem would be fairly simple. Unfortunately, this cannot be done, since 
m most organisms the spontaneous mutation rate is demonstrably 
higher than could possibly be caused by the background. Many years 
ago Professor Muller, who may want to speak to this point later, point- 
ed out that for the fruitfly not more than about one-thousandth of the 
spontaneous mutation could possibly be caused by the background 
radiation. For longer-lived animals a greater fraction may well be 
due to the background, since the overall mutation rate per generation 
in different species holds fairly constant, that is, within about one order 
of magnitude—10 times, say—although the exposure to background 
Betiaten increases far more than that, enormously, with length of 

ife. 

If the low-level radiation of the background in fact causes a pro- 
portionate amount of mutation, then in a species that lives a thousand 
times as long as the fruitfly all the spontaneous mutation would be 
caused by the background, and some eminent geneticists have argued 
that that is the case. Man lives about 365 times as long as the fruitfly, 
for their reproductive lifetimes are of the order of 30 days and 30 
years, respectively. Thus, while it may not be very likely that for 
man the “doubling dose of radiation”—that is, as Dr. Crow defined it, 
the dose that would double the total spontaneous mutation frequency, 
is as small as the amount of the background radiation, it is quite pos- 
sible that it may be no greater than 3 times the background, or about 
10 r. The doubling dose is the dose that would raise the level of spon- 
taneous mutation in my figure to just twice the original level. Here 
would be the mutation frequency caused by a doubling dose, and the 
doubling dose would be the corresponding dose right here [indicating 
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on the blackboard], that would lift the spontaneous mutation fre- 
quency to a level just twice as high. 

Representative Coxe.. Doctor, while you are at your diagram, I do 
not understand why your linear line does not start at the corner of 
your chart, rather than upward, since there are mutations which occur 
from spontaneous radiation. 

Dr. Guass. Yes; it starts from the level of spontaneous mutation. 
This becomes effectively the corner right here. At all doses there is 
a certain fixed proportion of spontaneous mutation. 

Representative Coz. You and Dr. Crow said that there are muta- 
tions resulting from spontaneous causes. 

Dr, Guass. Yes. Those are the mutations that are indicated in this 
blocked-in part at the floor of the diagram. 

Representative Coir. But your diagram would indicate that muta- 
tions occur only from induced radiation and not from spontaneous. 

Dr. Grass. No; only that all mutations due to extra radiation are 
proportional to the added dose of radiation. For example, let us say 
the doubling dose represents 40 roentgens. At 40 roentgens the /per- 
centage of mutations below the horizontal line is the spontaneous fre- 
quency, and from that level up to this level is the frequency induced 
by the radiation. So at every dose—at large doses as well as at low 
doses—to the frequency of mutations induced by the radiation there 
must be added a small percentage of mutations that is occurring spon- 
taneously in the population. 

Senator Bricker. Are there any data, Doctor, showing that the 
ratio of mutations due to background radiation is twice as much at 
Denver as it is at Washington, D. C.? 

Dr. Guass. No. I believe no data of that kind exist. 

Senator Bricker. You would naturally conclude that the rate 
would be higher ? 

Dr. Grass. The increase in radiation at Denver is, of course, very 
small. Studies were done many years ago in an effort to see whether 
cosmic radiation, which is greater in amount at high elevations above 
sea level, produces a proportional amount of mutation. Fruitflies 
were placed on top of Pikes Peak and compared with fruitflies kept 
at sea level. This was a very large and laborious experiment, but it 
never added up to anything conclusive, because the difference in the 
amount of cosmic radiation at sea level and on top of Pikes Peak is 
so low in terms of roentgen units over a short period of time that you 
just would not get any perceptible change in the percentage of muta- 
tions. 

Perhaps if the experiment could have been done with bacteria where 
you could work with much larger numbers, the effect could have been 
demonstrated. But certainly for the human population I know of no 
evident at all that would show that the mutation rate varies with 
altitude. 

Representative Core. Doctor, would you indicate on your chart 
where the zero dose of radiation would occur ? 

Dr. Guass. Manmade radiation? Zero would be right here [indi- 
cating on blackboard the level of spontaneous mutation |. 

Representative Cot. I was wondering about zero rate of radiation 
irrespective of source, whether spontaneous or induced, since radiation 
you have said does cause mutation. Therefore, mutation starts with 
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the occurrence of radiation. Would you indicate on your chart where 
is the zero of radiation irrespective of source? 

Dr. Guass. It is on this axis (the ordinate) at this particular point 
[indicating the intersection of the level of spontaneous mutation with 
the ordinate]. : 

Representative Coz. Where is the zero mutation frequency ? 

Dr. Guass. The zero mutation frequency would be at the bottom of 
the figure. . 

Representative Hortrmcp. From radiation but not from other 
effects. 

Dr. Guass. From any source whatever. The zero mutation from 
added radiation would be approximately here [indicating the spon- 
taneous mutation level]. It might bea little below that. 

Representative Coir. Put a circle there so I can see it, Zero muta- 
tion frequency. 

Dr. Guass. Zero mutation frequency is right here. 

Representative Cote. And zero radiation is there also? 

Dr. Grass. Yes. 

Representative Cotz. Including spontaneous radiation. 

Dr. Guass. Yes. I think the thing that is troubling is that perhaps 
if a sizable part of this spontaneous mutation frequency is due to back- 
ground radiation, then the point at which this curve should be pro- 
jected is not right here [intersection of ordinate at the level of spon- 
taneous mutation] but at some point between the bottom and the 
spontaneous mutation level, at a point which corresponds to the pro- 
portion of the spontaneous mutation produced by radiation. If that 
1s only one-thousandth of this spontaneous amount, as it is in the fruit- 
fly, then it is so close to this point of origin that I could not draw it 
separately on the graph. If, on the other hand, as may be in the human 
species, according to Haldane’s argument, perhaps all, or at least a 
third of the spontaneous mutation was produced by the background 
radiation, then the dosage curve would not point at that origin on the 
spontaneous mutation level, but would point at a lower origin. But 
we do not have the data for human population, only data from the 
experiments on animals, 

Representative Cots. Thank you, Doctor. 

Dr. Guass. It is quite possible, then, that the amount of the doubling 
dose may be no more than 3 times the background or about 10 roent- 
gens—that is, on the basis of the argument that the reproductive life- 
time of man is about 365 times as long as that of the fruitfly and that a 
proportionally larger amount of radiation is received during that 
hfetime. | 

I have left out of this account the probability that the human genes 
are more sensitive to radiation than the fruitfly genes. At least we 
can base the argument on the analogy with the genes of the mouse. The 
mouse genes seem to be more sensitive to radiation than the fruitfly 
genes and therefore, if that should apply to human genes, it would also 
work toward an effective lowering of the doubling dose, the dose of 
radiation that would double the spontaneous radiation rate. 

In the most recent estimate made by the consultants of the National 
Academy of Sciences committee—Drs. John Laughlin and Ira Pull- 
man have estimated the average exposure of the population of the 
United States to background radiation as amounting to a dose to the 
reproductive organs over a 80-year period of 3.1 rem. (Cosmic radia- 
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tion, 0.78 r.; earth and housing, 1.59 r.; atmospheric radioactivity, 
0.06 r.; internal radioactivity, mainly the beta radiation from potas- 
sium—40, 0.69 r.) 

To correct something that was said yesterday, according to their 
data the amount from earth and housing is about double that from 
the cosmic radiation. This is one of the things that makes the experi- 
mental answer to the question that was posed a moment ago about 
the effects of cosmic rays on the mutation rate a very difficult one to 
work out experimentally. As Dr. Crow said, the lowest conceivable 
doubling dose would be 3.1 r. to the gonads over a period of 30 

ears. 

: Three times the average background would amount roughly to 10 
roentgens, which is the permissible limit for the general population 
recommended by the National Academy Committee last year. A more 
probable range for the doubling dose is 30 to 50 r., but that expecta- 
tion, which was adopted by both the American and the British com- 
mittees reporting last year, is based on experimental evidence from 
fruitflies and mice, which have much shorter reproductive lives than 
human beings. That assumption, I feel, may not be sound. 

Preliminary studies in my own laboratory with normal human cells 
growing in tissue culture—cells derived from kidney—and exposed to 
radiation of X-rays, indicate that doses of even 50 or 25 r. produce 
significant increases in the number of microscopically visible—gross— 
chromosome mutations, and from that fact it may be deduced that an 
even greater increase of submicroscopic mutations is to be expected. 

These preliminary studies make me wonder whether our committee 
last year was not oversanguine in estimating that the 10 r. permissible 
level we recommended amounted to no more than one-third or one- 
fourth of the doubling dose. If it should actually constitute a dou- 
bling dose, then geneticists will certainly want to reconsider all their 
recommendations. For a maura dose means that, after a lapse of 
generations, the frequency of all kinds of hereditary defects in the 
population will be doubled. 

ight now this frequency amounts to at least half of all tangible 
defects not caused by accident or infectious disease. For example, 
about 5 percent of births are marked by some congenital defect, and at 
least 2 percent of these, according to the estimate of the National 
Academy Committee, are of a simple hereditary nature. Doubling 
just these, to say nothing of those less hereditary defects which Dr. 
Crow has emphasized, and those that arise later in life, would mean 
eventually about 2 million more defective babies per generation than 
weit assuming a hundred million babies per generation in the United 

tates. 

The 30-year gonadal dose from fallout amounts, according to our 
estimates, to about one-tenth roentgen if extrapolated on the basis 
of the average fallout for the past 5 years, or two-tenths roentgens 
at the rate of testing during the 2 most active years in that period. 
This is small indeed compared to the estimated background radiation 
or to the amount received on the average from medical and dental diag- 
nosis and therapeutic uses of X-rays, radium, and radioisotopes, which 
sansa to about 4.6 r. reproductive dose during a 30-year reproductive 
ifetime. 

A safety factor here—that is, in relation to fallout—is the very fact 
that strontium 90 is accumulated in bones and radioiodine in the thy- 
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roid, and consequently they provide only a negligible amount of radia- 
tion to the gonads. We are not so sure about the localization of 
cesium 137, however. Nonetheless, if the gonadal dose from fallout 
which constitutes the genetic hazard is at the present time only 1 or 
2 percent of the permissible limit for the general population, that is no 
reason to be complacent, in my opinion, about its rise. The increasing 
tempo of weapons-testing in 1957 will certainly make a reevaluation 
necessary. 

Senator Bricker. Is the half life of cesium 137 the same as stron- 
tium 90. 

Dr. Guass. Yes, sir, about 30 years. 

Representative Hotir1etp. It is deposited in the muscles. 

Dr. Guass. Yes, in the muscles and soft tissues, generally. It is pos- 
sible that it might even concentrate in the reproductive organs. This 
is something that I think should be very urgently looked into in our 
experimental studies. I have heard a rumor to that effect. That is all 
I can say. 

Representative Hottrievp. Is the power of emissions stronger than 
the strontium 90? 

Dr. Grass. I think itis about the same. I am not certain. 

Representative Van Zanpt. Doctor Glass, this increased tempo of 
pied ea testing in 1957, did take into consideration the British 
testing ¢ 

Dr. Guass. That is what I mean, the British and Russian testing plus 
our own. 

Representative Van Zanpr. Looking to 1958 and 1959, did you in- 
clude any other nations participating in these tests? 

Dr. Guass. No, I do not know that any other nation is ready to begin 
weapons-testing, but I think that unless some international agreement 
to limit weapons-testing, or to eliminate it, is reached, it will be only 
a matter of a few years until other nations will be testing weapons, too. 

Representative Van Zanpt. In 1958-59 do you anticipate that the 
tempo of the schedule of 1957 tests will be stepped up ? 

Dr. Guass. I certainly do, unless we can reach some international 
agreement. 

Representative VAN Zanpt. In other words, you anticipate an an- 
nual increase of tests. 

Dr. Guass. Yes. 

Senator Bricker. The Russian tests up to the present produced 
about one third of the total of radiation effects through fallout. 

Dr. Guass. Others can speak about that better than I. I think that 
is about the correct fraction. 

I must emphasize, too, that because I estimate fallout to be at present 
a negligible hazard to the genes we must pass on to future genera- 
tions, in comparison with other factors, I by no means feel that the ac- 
cumulation of strontium 90 is a negligible hazard in other respects. 
The evidence that has been presented to this committee would make 
me think otherwise. These are simply two different questions, and I 
am speaking to the genetic question only. 

When we consider that at present our population is receiving almost 
half of the 10-roentgen allowance per generation from manmade 
sources, and that exposure is certain to increase as wastes from the 
development of peaceful uses of atomic energy multiply, a fivefold in- 
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crease in fallout from weapons testing would add to a grave problem. 

There are clearly many uncertainties in the evaluation of these ques- 
tions. I would therefore like to conclude by stressing something said 
in the final part of our National Academy of Sciences Committee 
report. 

The present state of advance in atomic and nuclear physics on the one hand, 
and in genetics on the other hand, is seriously out of balance. We badly need to 
know much more about genetics * * * 

There are critical problems in this area about which answers are 
urgently needed, for example, the exact magnitude of the doubling 
dose. 

Our society should take prompt steps to see to it that the support of research in 
genetics is substantially expanded, and that it is stabilized. 

I think that this remark, which I had prepared before I heard Dr. 
Pollard yesterday, strongly reinforces what he said to the committee. 

The program of the Atomic Energy Commission exemplifies this 
unbalance between emphasis on the physical aspects of atomic energy 
and on the biological counterpart, its effects on living beings. Without 
wishing in any way to reflect on the competence within their own fields 
of our sincere and able Atomic Energy Commissioners, I think it safe 
to predict that this unbalance is likely to continue until the genetic and 
other biomedical problems and points of view are appropriately repre- 
sented on the Commission itself. 

Representative HoxirreLtp. Would you not say that a more desirable 
goal would be to have a completely independent study of this made, 
so that there would be no justification on the part of those making the 
study to attempt by the results of their study to justify an administra- 
tive policy which may or may no be correct ? 

Dr. Guass. That is an interesting question, Mr. Chairman. I would 
say that, in my own personal opinion, if at the beginning it had been set 
up that way, I would answer yes. But we havea going concern, and the 
Atomic Energy Commission has a large program of support for re- 
search in the biological sciences at the present time. I have indicated 
that I don’t think it is by any means adequate, but it is large. I have 
great fear that if there was some attempt to shift all of the biological, 
genetic, and medical support of research in the atomic energy area to 
some other agency, there would be such disruption and chaos for a 
period of several years, that we would lag sadly, even more than now, 
In our program. 3 | 

Representative Horirrecp. Any attempt that could be made within 
the program to achieve complete independence by freeing of such an 
advisory group or research group from administrative policy would 
be desirable, would it not? 

Dr. Guass. Yes, I think so. 

Representative Houirretp. We had an Advisory Committee on Re- 
actor Safeguards. 

Dr. Guass. Yes. 

Representative Hoxtrretp. In one instance their advice was not 
taken, and this is the problem that you run into with all advisory 
groups, that is, that their advice sometimes is not taken. I am not 
saying that it should be taken at all times. It should be considered in 
relation to the other problems which the administrator has. That is 
why I bring up the question. 
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Representative Coir. On that point, is it not true that Dr. Glass 
himself is a member of the Advisory Committee? 

Dr, Grass. I am a member of the Advisory Committee to the Di- 
vision of Biology and Medicine of the AKC, |yes. 

Representative Corn. With further reference to your feeling that 
the program of the Commission is out of balance, it was indicated to 
me that the effort of the Commission in the field of biology and bio- 
logical aspects of atomic energy has been neglected. I do not think 
you intend to imply that, do you? 

Dr. Guass. No, not neglected in an absolute sense. It is a matter 
of emphasis. It is-a relative balance that is important. 

Pepto AT? Cotr. Since you are on the Advisory Committee in 
this field, while dollars are not a true yardstick in determining the 
degree of effort, could you tell us the amount which the Commission 
is spending annually in this field in which you think there should be 
greater emphasis? 

Dr. Guass. I will have to rely on my memory here. I believe it is 
currently around $38 million. Dr. Dunham is here. 

Representative Horirietp. Dr. Dunham, could you respond to the 
question ? 

Dr, Dunuam. The question was the overall biology and medicine 
budget. About $31 million. 

Representative Corr. That represents an effort on the part of how 
many individuals? I am speaking of scientists. 

‘Dr. Grass. I am afraid I cannot answer that. 

Dr. Dunnam. This material will be available to you by tonight. 
We are trying to figure that out. It is very difficult to sort out the 
projects and add up the number of scientific man-years. 

Representative Coin. I was going to say it is my recollection, Dr. 
Dunham, at the beginning of these hearings you indicated of the order 
of 500 individuals were engaged in this research. 

Dr, Dunuam. I think it is a considerably higher figure now that we 
have gone back and looked at the record. We will have this for you. 

Senator Bricker. Most of this work is done by contract with the 
various universities and research centers. 

Dr. Dunuam. It is by contract with universities, independent lab- 
oratories and with our national laboratories. 

Senator Bricker. It would be practically impossible to know ex- 
actly the number of scientists working in the various fields, because 
this is determined by the local organizations. 

Dr. DunuHam. It is very difficult because you get people working 
part time on these projects. It will be an educated guess at best as to 
the figure we will come up with. : 

Senator Anperson. Did you say that the general overall biology and 
medical budget was $31 million ? 7 

Dr. Dunuam. That is correct. 

Senator Anprrson. That includes a whole lot of things besides 
genetics. 

Dr. Dunnam. That is correct, sir. ; 

Senator Anprerson. Could you give us any idea when you give us a 
report how much money is being spent to study this question of 
genetics which has interested Dr. Glass and so greatly interested a 
great many people in the United States? 

Dr. Dunuam. This figure will be broken out separately. 
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Senator Anprrson. At the same time, have you any idea how much 
the Atomic Energy Commission is spending in research in physics? 

Dr. Dunuam. J do not recall their exact budget this year, but it is 
in the $40 million or $50 million range. 

(Notr.—This figure was later checked by Dr. Dunham, and the budget for cur- 
rent rae year for the Research Division is $59,523,000 excluding cost of equip- 
ment. 

poses Anpbrrson. They are spending that much on a few reactors 
alone. 
‘ fe Dunuam. Very definitely so. That is in a different part of the 
udget. ; 

Senator ANpERSON. So we have plenty of money to find out how a 
reactor is going to react, but we do not have too much money to find 
out about genetics. 

Dr. Dunuam. It is one way to look at it. 

Senator ANDERSON. It is a way that a great many mothers and 
fathers and even some grandfathers are interested in looking at it. 

Representative Van Zanpt. Dr. Glass, you say “appropriately rep- 
resented on the Commission itself.” What are your recommendations? 

Dr. Grass. I would say that the balance might be restored, possibly 
adequately, by one representative of the biological sciences. Perhaps 
a geneticist, perhaps not. 

Representative Van Zanpt. Serving as an AEC Commissioner ? 

Dr. Guass. Serving as a Commissioner. I would also like to see 
either the present Advisory Committee to the Division of Biology 
and Medicine serving as a general advisory committee to the Atomic 
Energy Commissioners, or else I would like to see the present General 
Advisory Committee revised to include geneticists and biologists. 

Representative Van Zanpr. At any time during the past ‘several 
years, have you made these recommendations to the Commission ? 

Dr. Guass. No; I have not. 

- Representative ‘Horrterp. Dr. Dunham is asking for permission 
to speak. 

Dr. Dunuam. I would like to state that the Advisory Committee 
on Biology and Medicine is advisory to the Commission, and it was so 
established by the first Chairman of the Atomic Energy Commission. 

Representative Hoxrriexp. But it does not have a geneticist or bi- 
ologist on it. 

Dr. Dunnam. No. The Advisory Committee on Biology and Medi- 
cine, of which Dr. Glass is a member, is advisory to the Commission, 
not Just to the Division of Biology and Medicine. 

Dr. Guass. This is technically correct. At the same time I think it 
is correct, is it not, Dr. Dunham, to say that it has a ranking some- 
what lower than that of the General Advisory Committee? 

Dr. Dunuam. It is different in that the exchange of correspondence 
between Mr. Lilienthal and the Academy at the time the committee 
was set up indicated a definite wish that it be the advisory group on 
all biomedical problems to the Commission. 

Representative Cotz. That would indicate that there is no biologist 
on the General Advisory Committee. 

Dr. Dunnam. That is correct. 

Representative Corz. But there is a special committee whose re- 
sponsibility is exclusively in the field of biology. 

Dr. Dunuam. That is correct. 
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Representative Van Zanpr. Mr. Chairman, may I ask Dr. Glass 
this question? Just what advantages would be enjoyed if we had a 
penlogint sitting as a Commissioner on the Atomic Energy Commis- 
sion la 

Dr. Guass. May I read my last three sentences which I think per- 
haps answer that? : 

Representative Van Zanpr. All right. 

Dr. Guass. The geneticist cannot help feeling frustrated when 
physical scientists, religious leaders, and common people everywhere 
raise a loud outcry for some answer to their fears of genocide by radia- 
tion, and at the same time the available funds for research are actually 
in danger of reduction. Some of the research required is expensive, 
but in comparison with the cost of a bevatron for physical research or 
a nuclear reactor in the program it is of course minor. It is vital to 
redress the balance. 

Senator Anprerson. You say you have been on this Advisory Com- 
mittee. How long have you been on it? 

Dr. Guass. Two years. 

Senator Anperson. Dr. Dunham pointed out. this is an advisory 
committee directly to the Atomic Energy Commission. In those 2 
years, how many times have you been called before the Atomic Energy 
Commission to give a report of what the Advisory Committee had 
been doing? 

Dr. Guass. There has never been any formal call before the Com- 
mission as a whole. | 

Senator Anprerson. Have you ever been called into a meeting to 
discuss this directly with the Atomic Energy Commission ? 

Dr. Guass. Not personally, no. There have been occasions when 
various Commissioners—Admiral Strauss, Dr. Libby, Mr. Murray, 
and I remember Dr. von Neumann, too, before he became too ill— 
sat in with our committee for one or more sessions as individuals. 
I do not believe there was ever a time when more than one of them was 
present at the same time. 

Senator Anprerson. I thought Dr. Dunham made quite a point that 
this is an Advisory Committee which reports directly to the Commis- 
sion. How many times have you been in with the Commission for 
the discussion of this problem in which so many people are interested ? 
None at all? | 

Dr. Guass. None at all. 

Senator HickENLoorrr. Have you made reports to the Commission 
from time to time periodically as to your recommendations and find- 
ings? 

Dr. Grass. Yes. This is what I wanted to state. Our minutes, our 
conclusions and recommendations are always submitted to the Atomic 
Energy Commissioners in writing. A full report is made and often 
special letters by way of report are made, This has not been neg- 
lected. 

Representative Cotz. How does your committee operate? Is it by 
meetings of individuals or by exchange of views by paper ? 

Dr. Guass. By meetings. We meet regularly. 

Representative Corn. During the past 2 years how many times has 
your committee met ? 

Dr. Guass. About 12 times. | 

Representative Cote. That would indicate once every 3. months. 
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Dr. Guass. Every 2 months, except for the summer, when we some- 
times skip a meeting. There are special meetings called fairly fre- 
quently, too. : | 

Representative Van Zanpt. Dr. Glass, you have recommended to 
this committee that a biologist be appointed to the Atomic Energy 
Commission. Would you go a step further and recommend to Presi- 
dent Eisenhower that one of the vacancies that exist now as far as the 
Commission is concerned be filled by a biologist ? 

Dr. Guass. This is my personal feeling of what is wise. 

Senator Anperson. If you get as far with your recommendation as 
a anda of this committee got with its suggestion, you will not get 
very far. 

Dr. Guass. There is no harm in trying. 

Senator Hickentoorrr. May I ask Dr. Glass if he would recom- 
mend that a physician or a medical doctor be appointed to the Com- 
mission, and if he would recommend that a physicist be appointed to 
the Commission? Where do we stop? One of the difficulties is that 
when 1 very important branch of this very ramified science is ap- 
pointed to the Commission, it has a tendency to create a little friction 
on some of the other equally important branches involved, and there 
are only 5 Commissioners. So while it is desirable to have the best 
scientific competence available in one way or another to the Commis- 
sion, I believe it was the theory of the original act that the General 
Advisory Committee and the other advisory groups would bring the 
professional competence in substantial numbers in the various fields 
for the benefit of the Commissioners, and it would to some extent stop 
the friction which occasionaily unfortunately may exist between the 
various branches as to their relative importance. So if one starts 
putting one branch representative on the Commission there will lit- 
erally be no stopping within any reasonable numbers as to the other 
branches of this science which might feel they too were equally justified 
in having representation. | 

Dr. Guass. I realize, of course, that one cannot have representation 
of all the sciences and the specialized branches. I do think, however, 
that the biological considerations here are so important and require 
such urgent attention that itis advisable that the Atomic Energy Com- 
mission include at least 1-physical scientist and 1 biological scientist. 

Senator Anprerson. Doctor, the fact that there is a great deal of 
discussion in Japan over the testing of British bombs right now, and 
that the British consulate has been subjected to a little activity by 
students in the past few days, would indicate that there is some inter- 
est in these biological effects of the bomb, would it not ? 

Dr. Grass. It certainly would. 

Senator Anprerson. And the fact that 2,000 scientists have joined in 
suggesting that there are some biological ramifications to this story 
would suggest that this is an extremely important facet. We have 
representation of fine men from industry on the Commission who are 
greatly interested in the reactor program. I think it is fine that there 
may be people interested in that field. One of the things which touches 
the hearts of the people has been the possibility that this might have 
some future implications for our children, and our children’s children, 
and on down through succeeding generations. Is not that the con- 
sideration that prompts your suggestion ? 

Dr. Guass. It certainly is. 
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Chairman Duruam. Dr. Glass, is any substantial amount of research 
being carried on by any other group except the Commission at the 
present time in the field of genetics ? 

Dr. Guass. Yes, indeed. There are considerable numbers of projects 
in this area which are supported by research grants from the National 
Science Foundation and also from the National Institutes of Health. 
There are some, not too many, I think, which are supported by the 
Office of Naval Research, because their interest is mainly physiological. 

Chairman Duruam. I thought that was true and that is why I 
asked the question. Could you hazard a guess as to the amount of 
money being spent by those outside of the Commission at the present 
time ? 

Dr. Guass. Very roughly, I would say at the present time the Atomic 
Energy Commission and its Division of Biology and Medicine is sup- 
porting about half the work that is receiving governmental support 
in genetics. It may be even more than that. 

Giaienenn DourHam. Would that particularly apply to radiation? 

Dr. Guass. Much of the genetic work that is supported by the 
National Science Foundation of the National Institutes of Health is 
not concerned with radiation. If you limit it to radiation genetics, 
I would say that the Atomic Energy Commission is supporting at 
least 90 percent. 

Senator Hickenwoorrr. I just wanted to ask Dr. Glass this ques- 
tion about the availability of competent personnel. Is there a sub- 
stantial reservoir of competently trained personnel in genetics that 
could use greatly stepped up amounts of money over and above what 
is being used in total or that is devoting its time total in the country 
in both private and public activity ? 

Dr. Guass. I ehitite it would be a mistake to try to triple or quadruple 
the amount going into this area in one year or overnight. But over a 
period of years, a stepped-up increase could be absorbed. Perhaps 
the principal difficulty at the present time is in the selection and train- 
ing of adequate young people in this area. They are not being 
attracted into it in large enough numbers because of lack of support. 

Senator Hickentoorrr. In order to get down to specific cases, sup- 
pose the Atomic Energy Commission said today we will double the 
amount for the next year for genetics activity; would that have a 
significant effect in the immediate future, or would it take a substan- 
tial period of time before you could train the personnel and get the 
equipment and so on to utilize that extra money? Are they available 
in the United States at the present time ? 

Dr. Guass. It would take a rather careful survey, I believe, to an- 
swer that question precisely. I am not sure that doubling it in 1 
year would be at all advisable. But there are certainly some large 

rograms which would require a large annual budget which could 
be initiated then and that now cannot be attempted. I believe that 
an increase by 50 percent could probably be absorbed in 1 year. 

Senator Bricker. Is it not true that there are many, many pro- 
grams beyond those which are being conducted by the Government, 
either by the Atomic Energy Commission or defense research or the 
National Science Foundation, by private institutions in the various 
universities of the country ? 

Dr. Guass. There is a lot of genetics of that kind going on, yes. 
As I said a moment ago, I believe about 90 percent of the genetic 
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problems relating to radiation effects is being supported by the Atomic 
iinergy Commission. 

Representative Corr. Mr. Chairman, in response to a question by 
Senator Anderson, Dr. Glass indicated that these activities in Japan 
at the British Embassy indicated an interest by the Japanese people 
in the biomedical aspects of the weapons testing. Similar activities 
occurred at the American consulate 1 or 2 weeks ago. If that was the 
interest which inspired these people to become active at those two 
consulates, why have they been silent with respect to the testing by 
the Russians ? . 

Dr. Guass. I do not know that they have been silent. Have they? 

Representative Coir. So far as I am aware, there has been no ap- 
preciable degree of representation in front of the Russian Embassy 
in Tokyo as there has been with the American and British. 

Dr. Guass. That may be true. I know that at the time of the last 
Russian tests, when fallout occurred over Japan, there was a con- 
siderable stir and a good deal of reporting of the Japanese concern 
about this in our newspapers. I do not. know that it took the form 
of a vocal demonstration. | 

Representative Corn. There must be some other motiviation on the 
part of the Japanese than interest in the biomedical aspects which 
prompts them to voice themselves with respect to weapons testing. 

Dr. Guass. Yes, I am sure there must be political motives involved 
in this. 

Senator Anperson. We all recognize that the Russians may have 
done a little better propaganda job than we have. They have offered 
to stop tests over and over again. We do not like the circumstances 
under which they offered it. That may be one of the things which 
led the Japanese people to believe they will stop the tests. It is that 
the British and ourselves will not stop for all practical purposes, so 
we have gotten ourselves in a bad position internationally. 

Representative Corr. I would like to have Dr. Glass indicate for 
the record the extent, if any, to which the genetic aspect is under 
Se a survey by the United Nations Committee on the Radioactive 

azard. 

Dr. Guass. It is a very important part of that study. The United 
Nations Committee, of which Dr. Shields Warren is the Chairman, 
I believe, has met repeatedly over the course of the last 2 years to 
consider these problems. I am confident that our own Atomic Energy 
Commission has given it every degree of cooperation possible in sup- 
plying whatever data were requested. 

Senator Hickennoorer. Mr, Chairman, may I ask Dr. Glass one 
more question ? | 

Representative Houirietp. The Chair would like to make a statement 
at this time. 

I am sure every member of the committee thinks that this problem is 
so important that we are not going to curtail questioning of witnesses 
even though it disturbs our schedule. I hope the members will agree 
with me on that. This is a very important part of our hearings, and 
they should not be curtailed in any way as long as we have valuable 
testimony to be given or questions which the members wish to ask. 
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Senator Hickentoorrr. Dr. Glass, this occurred to me a while ago 
when you were talking about desirable mutations. Ifa desirable muta- 
tion is had, do the desirable qualities of that mutation continue in the 
succeeding generations, or do they deteriorate ? 

Dr. Grass. They would be just as permanent, we think, as the effects 
of a harmful mutation. 

Senator Hickentoorer. So that once a desirable mutation is ac- 
quired, its characteristics would probably continue. 

Dr. Gass. Would be transmitted indefinitely ; yes. 

Chairman Duruam. By radiation, you are speaking ? 

Dr, Grass. Yes. There was a big “if” there, if I may answer your 
question, because I did earlier stress the fact that as a class of muta- 
tions produced by radiation are much more likely to be losses of the 
genetic material than are mutations that occur spontaneously. Con- 
sequently, I think the probability that a desirable mutation will occur 
as a result of radiation is even less than the probability that it might 
arise spontaneously. ¢ | 

Senator Bricker. I do not think there is a member of this committee 
or anyone advised that does not realize that there is political propa- 
ganda being utilized by the Communists and the left wing groups gen- 
erally in this field, and we may be giving some credence to it. On the 
other hand, it is an essential investigation that must be made. I think 
the public is entitled to all the information they can get. 

Do you, as a scientist, or does your group of advisers, have any in- 
formation as to what Russia is doing in this field of biological effects? 

Dr. Guass. We have very little information with regard to the state 
of genetics in Russia at the present time. I think Professor Muller 
would be better qualified to answer that question than Iam. Perhaps 
I should postpone it. 

Representative Hortrretp. We want to give Professor Muller plenty 
of time. When we get him on the stand we will ask him to testify on 
this point. 

Thank you very much, Dr. Glass, for your very fine presentation 
this morning. I hope you will be able to stay for the roundtable 
conference, whenever we have it. I am afraid we will not be able to 
get at it at noon. We would like to put on this morning another 
notable, Dr. A. H. ‘Sturtevant from the California Institute of 
Technology. Dr. Sturtevant, we are happy to have you with us this 
morning. You may proceed. 


STATEMENT OF DR. A. H. STURTEVANT, PROFESSOR OF GENETICS, 
CALIFORNIA INSTITUTE OF TECHNOLOGY * 


Dr. Sturtevant. Mr. Chairman, the nature of the genetic effects 
and the quantitative estimates have been presented by Dr. Crow and 
Dr. Glass, so I shall not go over that ground. ‘There is one point 
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I should like to indicate, however, that sometimes has led to some 
confusion. 

If there is an increase in the amount of radiation, within the range 
with which we are here concerned, there will be more mutations in- 
duced, but there will not be more serious mutations. Individually 
they will have the same range of effect as will those which were pro- 
duced by the smaller amount of radiation. 

Many geneticists have been disturbed by statements from the 
Atomic Energy Commission implying that there is no reason for any 
concern about possible damage to man arising from bomb tests. Re- 
cent statements by Commissioner Libby suggest that there is now an 
area of agreement on which discussion may be based. We are agreed 
that there is at least a possibility of damage to a small percentage 
of the population. We are, I think, also agreed that it 1s not now 
possible to present very exact estimates as to just how small that 
percentage is; and, further, that it is important to make studies that 
will improve the accuracy of such estimates. 

Such efforts to improve the estimates must come largely from fur- 
ther research, both on the physical side (as to the nature and distri- 
bution of fallout), and from the biological side (as to the genetic and 
pathological effects of fallout). I should like here to express my 
opinion that, at least in the field of genetics—which is where I am 
cempetent to judge—the AEC has sponsored an excellent program, 
both in its own laboratories and in its grants to other laboratories. 
These projects seem to me to:have been well chosen and well admin- 
istered. In particular, there is, so far as I know, no pressure for the 
expression of conclusions or opinions that may be agreeable to the 


I would like to add here that I should not like this statement read 
to mean that I feel that more money could not be used effectively. In 
other words, I am not in general in disagreement with Dr. Glass’ plea 
for more support in this field. 

However, there remain areas in which some geneticists are still dis- 
turbed by the AEC position. This, as has often been pointed out, 
arises in part from a difference in attitude concerning very small per- 
centages. Various methods of calculating damage from fallout re- 
sult in estimated numbers of affected individuals ranging from a few 
hundred to perhaps tens of thousands or even millions, depending in 
part on what assumptions one makes about the rate of future bomb 
testing. The highest of these numbers remains a very small propor- 
tion of the total population, and to some people this means that it 
is relatively unimportant. It is probably unimportant for the sur- 
vival of the race, and it is relatively unimportant as an economic 
burden to society, though these could become serious matters if the 
rate of fallout should increase by a large amount. But hundreds or 
thousands or tens of thousands or more of individual human beings 
are involved, and to me it is not acceptable to say that they are un- 
important, no matter how small a percentage of the total they make 
up. 
Another point that some of us find disturbing is the insistence 
that the risk from fallout is much less than risks that we voluntarily 
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take repeatedly—such as those involved in riding in an automobile 
or going for a swim at the beach. While the risk 1s less from fallout, 
the essential point is that it is one over which the individual has no 
control. It has been argued that the risk from fallout is not very 
different from that of wearing a wristwatch with a radium painted 
dial. EXven if this comparison is accurate, it still leaves out of ac- 
count the fact that some of us do not wear such watches, and would 
complain loudly if anyone tried to insist that we and our children 
must do so. 

There are biological risks from bomb testing. They are small— 
so small that no individual should be seriously concerned about the 
danger to himself or his immediate descendants. Nevertheless, when 
the entire population of the United States, or of the world, is exposed, 
it must be expected that there will be many individuals damaged, 
both in the exposed generation and in following ones. 

I should like to lay special emphasis on the fact that every bomb 
test adds to the biological hazard. It follows that the most effective 
way to reduce future hazards would be not to test any more bombs. 
A geneticist cannot assume special competence in evaluating all the 
arguments for or against such a cessation, since the decision has to 
take into account many factors that lie outside his special field. But 
I should like to point out that biologists have made a serious effort 
to present an objective statement of the biological hazards, and it 
therefore seems to me reasonable to ask for as detailed and objective 
a statement of the reasons for continued testing as is consistent with 
security considerations. Some physicists have questioned the desir- 
ability of testing, on the ground that it gives almost as much informa- 
tion to other nations as it does to those making the test. Many non- 
scientists in this and other countries have argued that the tests worsen 
rather than improve, the international situation. These arguments, 
and those of the biologists, have never been publicly discussed seri- 
ously and in detail by those responsible for carrying out the tests. 

Representative Horirietp. Thank you very much, Dr. Sturtevant. 
Are there any questions? 

Senator Bricker. Of course, it would be impossible for us to do it 
unilaterally in light of what Russia is doing at the present time, and 
that may be the reason for your last conclusion. 

Dr. Sturrevant. That will have the same effect. 

Senator Bricker. That leads to your last conclusion that that is 
the reason there has not been serious discussion of cessation until we 
can get the international situation solved. Until that is done, there 
can be no effective steps taken by the United States alone. 

Dr. Sturtevant. I think the discussion should be as frank as pos- 
' sible in view of the security considerations involved. I was careful 
to add that. 

Senator Anperson. Did you hear the statement that Dr. Langham 
made the other day when we were considering the possibility of limit- 
ing tests in some fashion where he suggested that we set a sort of ceil- 
ing of ten megatons of fission products as a reasonable limit of how 
much might be put in the atmosphere each year. Would you feel that 
something of that general nature is desirable until we are able to reach 
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some other step in this process. In other words, I think his thought 

was if we could limit to maybe 10 megatons the amount of fission 

products going into the atmosphere, there is a certain deterioration 

of strontium 90 and the decay of that material, and therefore we should 

not be putting more into the atmosphere than might decay out. Do 

you think it would be desirable to have some sort of limitation of that 
nature ? 

Dr. Srurrevant. Speaking as a geneticist, anything which will de- 
crease the amount is desirable. Speaking as a citizen, I realize that 
there are other considerations that have to be balanced against this. 

Senator Anprerson. His statement was based on some sort of inter- 
national agreement. It was not to be done unilaterally by this country. 
He did feel it was desirable to make sure no more was going into the 
atmosphere than was falling out of the atmosphere each year. I think 
geneticists generally are in sympathy with that. 

Dr. Srurrevanr. I would prefer to see less going in than was com- 
ing out, if possible. 

Senator Anprrson: I think he would, too. 

Representative VAN Zanprt. Dr. Sturtevant, in the Bits ocr of 
your statement, you say these arguments and those of the biologists 
have never been discussed in public seriously with those responsible 
for carrying out the tests. Would you recommend a public forum for 
this discussion, keeping it within the bounds of security ? 

Dr. Sturtevant. That has been suggested recently as a possibility. 
J would rather see myself a statement by people who were responsible 
for it. In other words, by the AEC. 

Representative Van Zanpr. These hearings should constitute a 
forum where the biologists and those responsible for carrying out the 
tests can sit down and discuss the overall problem. 

Dr. Sturtevant. I think that would be very desirable. 

Representative Horirreip. Are there any further questions? If not, 
we will recess at this time until 2 o’clock. 

(Thereupon at 12:35 p. m. a recess was taken until 2p. m., the same 
day.) 

AFTERNOON SESSION 


Representative Hoirietp. The committee will be in order. 

We are honored to have before us this afternoon Dr. Muller from 
the University of Indiana. It is my pleasure to announce to our audi- 
ence today that Dr. Muller is a Nobel Prize winner. 

As the Chair looks around and sees the group of children on our 
left here and realizes the importance of this testimony to them and 
future generations, it brings to my mind the gravity of the purpose 
He this committee, which is to bring out the scientific facts in this 

eld. 

Dr. Muller, you may proceed. 
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STATEMENT OF DR. HERMANN J. MULLER, PROFESSOR OF 
ZOOLOGY, UNIVERSITY OF INDIANA ‘ 


Dr, Muturr. Thank you, Mr. Chairman. 

The subject of the genetic effects of radiation is, in my opinion, so 
closely bound up with that of the effects on the exposed individual him- 
self that I feel it necessary, to begin with, to touch on that subject first. 

I feel this is especially necessary because there has been a curious 
official silence concerning findings showing that the main damage to 
the exposed individuals themselves by small or moderate exposures 
to radioactive substances or X-rays consists of an insidious weakening 
of the body’s resistance to the onset of infirmities and diseases of all 
kinds, expressing itself in a shortening of the length of life, and also 
consists in a long delayed production of certain specific disorders of 
which the most important are leukemia and some other malignant con- 
ditions. 

Still less publicized has been the increasing evidence that the amount 
of these effects is simply proportionate to the total dose of radiation 
received, even when this has been given in tiny bits scattered over 
long periods. That is evidence for the conclusion that there is no 
threshold, some of which evidence you heard presented by Dr. Lewis. 

I may say that I first heard of this principle of the shortening of 
life in amounts proportionate to the total dose received, no matter in 
how many small bits, in a very scholarly address given by Dr. 
Robert D. Boche at Oak Ridge in April 1948, and again at the 
Argonne Laboratories in November 1948. These were not classified 
meetings. The principle that he explained to them was based on work 
done by a number of different investigators during the war, working 
mainly at Rochester, N. Y., under the Manhattan project. 

I mentioned these conclusions of Boche in a series of lectures given 
under the auspices of the Society for Sigma Xi, that were published 
2 years later. But I was unable to refer to Dr. Boche’s work except 
a addresses because I waited in vain to see publications along those 

nes. | 

Representative Horirterp. Where were these addresses given ? 

Dr. Mutter. One was at Oak Ridge and the other at Argonne. 
They were open meetings. That is to say, it was not classified. They 
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were not published and they were not open to the press so far as I 
know, so I only knew about the matter verbally. 

Representative Horirrerp. Were they in the form of prepared 
addresses ¢ . , 

Dr. Mutter. Prepared addresses, and with charts of data; yes. 

Representative Horirretp. Who did you expect to print those? 

Dr. Mutter. I expected he would have an article on the subject. 
Later I found that there was a classified article of his in 1946 on the 
subject. It was later declassified, but I am not sure when. It did 
not get out into the general literature. It was not spoken about to 
any extent. In fact, although I do not know whether it had any 
relation to that silence or not, there was an attempt made to prevent 
the publication of that part of my own lecture which contained this 
material. No special reason was given. I do not want to go into the 
details of that because it may have been accidental, but it is a very 
curious incident. 2 

Representative HoririeLp. You said there was an attempt made? 

Dr. Muuuer. The editor had agreed to publish the whole article. 
li was presented in 2 parts because it was too long to go in as 1 arti- 
cle. Both parts were to have been published. After the one part had 
been published I was told that they did not want to publish the other 
part, that that was enough. The first part concerned itself with the 
effects on future generations and the second part with the effects on 
the exposed generation itself. | ) 

Representative Coin. Mr. Chairman, would Dr. Muller give the 
time when this incident occurred ? 7 3 

Dr. Muturr. The lectures were given in 1948. ‘They were published 
first in 1950. Sothat occurred in 1950. - | | 

Representative Van Zanpr. Dr. Muller, did the thinking at: that 
time fit in with the problem of today ? | | 

Dr. Mutter. Yes. It was not as acute because we did not have hy- 
drogen bombs yet. 

Representative VAN Zanpr. Were there any predictions in those 

apers 4 | 
é Dr. Mutier. I called attention to these points; yes. We did not 
know much about fallout yet. | 

Representative Hoririecp. Dr. Muller, what type of a meeting was 
this? Who set the meeting up, and where was it ? 

Dr. Murzer. One of them at Oak Ridge was set up by the Director 
of Research, Dr. Hollaender, a very eminent biologist and genet- 
icist. The other was called under the auspices of the Argonne Labora- 
tory on the problem of the effects of low doses of radiation. 

There were many interesting papers there. For example, one which 
showed the lessening of the number of white blood cells in workers at 
Los Alamos who had received only 25 r. of radiation over the whole 
year. Nevertheless, by taking accurate statistics of the whole group 
1t was possible to show the effect. One would not have been able to 
see it in one individual because it fluctuates too much. 

Representative Corn. Mr. Chairman, I am curious to know, Dr. 
Muller, is it your feeling that there was a deliberate attempt on the 
part of the responsible officials of the Government, whether of the 
Atomic Energy Commission or the Manhattan Engineering District, 
to suppress the expression of your views on this subject? 
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Dr. Muuzer. I would not like to express an opinion about that. It 
may have been a coincidence. But I was very surprised that no one 
else said anything about the matter in any semipopular or popular 
publication. This was a semipopular publication. 

Representative Van Zanpt. Dr. Muller, do you feel that had the 
papers been made public at that time that it would have eased this 
acute problem we are faced with today ? 

Dr. Mutter. Yes. I think that any such knowledge is to the good 
because the public should be prepared to know the facts and if they 
find out later that something has been withheld from them—I will 
touch on that later—they are apt to exaggerate the importance of the 
facts. I think that there was a feeling probably amongst many people 
who felt that these facts needed further verification, that 1t was un- 
wise to let the public know about them until they were proved up to 
the hilt. 

To me it seemed that the main principles were already far enough 
established to warrant a public airing, since if true, they were of such 
grave concern. 

Senator Anperson. Doctor, this morning there was some reference 
made to Russia, and it was suggested that one of the witnesses testify 
about the situation in Russia. Here we have the situation in this 
country today where the foremost geneticists of the country are testify- 
ing before an open hearing. Is that the situation in Russia, or are 
geneticists in somewhat different circumstances over there ? 

Dr. Mutier. There are few geneticists left. I would rather post- 
pone questions on Russia until we get through this because we might go 
on indefinitely. I think we can draw lessons from Russia. 

Senator AnpErson. I knew you had worked in Russia. 

Dr. Mutter. Yes. 

Senator Anpgerson. And therefore have some opinions. I hope you 
give them when you finish this afternoon. ? 

Dr. Mutter. I would be happy to answer to the best of my ability 
any such questions as you might have. 

These facts, which I think Dr. Hardin Jones and Dr. Russell will 
take up in their talks, about the shortening of the length of life seems 
to me to be extremely important. I think it can be shown that they 
and the long delayed malignancies such as leukemia constitute by far 
the greatest damage of all the effects of radiation on the exposed 
individual himself. That is, of moderate and small doses.. I am not 
speaking of the radiation sickness and death that occurs from very 
high exposures such as direct atomic bombing. 

herefore, I thought it was very curious that these effects were 
not discussed more and were not in fact investigated more. It seemed 
to me if there was an uncertainty then it should have been pushed 
to find out is it true or not. 

We did finally in 1954 have papers on this work published in de- 
classified form in a highly technical volume edited by Dr. Blair almost 
10 years later. Since then the effects have been talked about to some 
extent. They were mentioned in the Pathology Committee report 
of the National Academy of Sciencies. So far as I can remember in 
the National Committee on Radiation Protection—I happened to be- 
long to its Subcommittee on External Dose for some years—there was 
very little mention of them. I doubt very much that they were gen- 

93299°—57—pt. 2——-4 | 
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erally realized by workers in the field of radiology, for example, or 
by biologists in general. | 3 | 

In respect to the fact that probably there is no threshold, that these 
effects are proportional to the dose, in this respect these effects of radi- 
ation—and also the leukemia—on the exposed individual himself 
resemble those produced by the radiation in weakening descendants. 

You have heard Dr. Glass and Dr. Crow say that geneticists are 
convinced that there is no threshold for the genetic effects and that 
others, too, now accept that principle for the genetic effects. 

If this is true of these other effects, and it is certainly time we knew. 
whether it was—I think the evidence is convincing that it is—then 
this important resemblance between the effects on later generations 
and on the exposed generation is probably not an accidental resem- 
blance. For there is growing reason to infer that this shortening of 
life and the other long delayed damage done to an exposed individual 
have their basis in damage done to the genetic material—the chromo- 
somes and their contained genes—of the body’s ordinary cells, those 
of the blood, skin, glands, and so forth, similar to the damage done 
in his reproductive cells that is passed on to later generations. 

In the body’s own cells, however, we have good reason to infer that 
more of the damage that becomes expressed is done by breaks of 
chromosomes and in the reproductive cells by mutations of genes. 

Let me use the blackboard a moment. 

Here is a cell, and there is its nucleus, and in it there are these long. 
threadlike bodies which can become condensed into sausage-shaped 
forms, called chromosomes, that consist essentially of strings of mi- 
nute particles called genes, each of which, as Dr. Glass explained to 
you, has some specific effect in furthering the functioning of the body. 

Radiation has two main kinds of effects on this genetic material. 
Let me again say that every cell of the trillions of cells in the body 
has this genetic material the same as the reproductive cells, and radia- 
tion can affect the genetic material in the body cells the same as in the 
reproductive cells. 

There are two main kinds of effects on the genetic material. One is 
a break in a chromosome. Two, a change in the inner composition or 
arrangement of parts of the gene itself. 

The breaks in the chromosomes have more effect on the exposed 
individual himself when they happen in the somatic cells for this rea- 
son. If this cell in the diagram is one that is going to later reproduce 
itself in the body to form more cells, or to multiply, as our skin cells 
must—as skin is always sloughing off and has to be replenished by 
multiplication of the cells in the lower part of the skin, and it is the 
same with many other parts of the body—then these chromosomes have 
to reproduce themselves, as Dr. Glass explained, forming duplicates 
of themselves. Then they are drawn apart by the process of cell di- 
vision or mitosis, forming 2 groups of chromosomes in the 2 daughter 
cells. But if the chromosome is broken, it may kill the whole cell at 
the time or shortly after division by this mechanism, or it may result 
in very abnormal cells. . 

There is a point on each chromosome, which becomes attached to a 
fiber that. pulls the 1 daughter chromosome to 1 pole and the other to the 
other pole, so that when you get the cell dividing into 2 daughter 
cells, one daughter cell gets one representative and the other gets the 
other representative of that duplication process, and they thereby come 
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to have like material. The chromosome gets pulled at that particular 
point. But the part beyond the break won’t be pulled in because it has 
nothing to be pulled by. It gets left behind, and the cell is left with- 
out all those genes. | 

Moreover, where the chromosomes have broken, there is a sort of 
stickiness which causes them to join together at their raw ends if they 
happen to touch, which is very often the case, and then, when they get 
pulled apart, they form what we call a bridge between the two cells. 
They can’t, in that case, get apart. That chromosome bridge, then, 
connects the two cells, which often die in consequence. Therefore, as 
a result of the chromosome break, we often have a cell death. 

Dr. Puck, of Denver, studying human cells in tissue cultures, has 
found that, with doses of radiation given at a high dose rate, it takes 
only about 90 r. to cause the death of about 50 percent of the cells. In 
other words, that happens to about 50 percent of the cells in the tissue 
culture. It will only happen to cells which attempt to undergo 
division. 

Your brain cells, your kidney cells, as Dr. Warren said yesterday, 
are not affected much by radiation. On this interpretation the reason 
is easy to see, because they have stopped dividing for life. You have 
the same cells of these kinds for life, whereas your skin cells, the cells 
of the intestine, et cetera, have to keep replenishing themselves by di- 
vision. It is only when they come to replenish themselves by division 
that these tangles take place that result from the breaks in the chro- 
mosomes. . 

On that basis it is easy to understand the rule that Dr. Warren re- 
ferred to yesterday, sometimes known as the law of Bergonié and 
Tribondeau, established about 1906, that it is the tissues with rapidly 
dividing cells that are the most damaged by radiation. The damage 
does not take place in the cell until division occurs. When that happens 
in a germ cell, those cells generally die and seldom take part in the pro- 
duction of offspring. That is why this is not important for the later 
generations. But it is important for the generation itself. It takes 
place both in the germ cells and body cells, but it is in the body cells 
that the main damage of this kind is done. 

I will give you an illustration of that. In the people that were 
bombed a long time ago at Hiroshima you can see a lot of little opaque 
points in many of them in the lens of the eye where evidently cells 
have been badly damaged. That damage did not appear until much 
later when the cell probably undertook to divide. The reason you can 
see it there is because the lens is a transparent tissue. I think there 
is reason to believe that this happens in all the tissues of the body 
that contain cells that are subject to division. These tissues would, 
therefore, be weakened. 

It is true that other undamaged cells would tend to replenish the 
damaged places. But that replenishment or regeneration, it is to be 
expected, will not be complete and perfect. Therefore, there is a cer- 
tain amount of damage left. That damage, you can see, would be a 
generalized damage all over the body, wherever there are these divid- 
ing tissues. Therefore, it would be expressed as a weakening of resist- 
ance to disease and infirmities of all kmds, somewhat like what occurs 
in aging, since then, also, our resistance to bodily ills decreases as the 
functioning of the cells or tissues weakens. 
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T do not say by any means that is the proved explanation, though we 
do know this phenomenon of chromosome breakage occurs, and, to me, 
having examined the evidence, it seems by far the most reasonable ex- 
planation. That is, the bodily damage in general is to be explained 
in this manner rather than by some damage to the other materials 
of the cells. 

There is a good deal of other evidence showing that it is this damage 
to the genetic material, to chromosomes and genes, that is by far the 
most important damage, and that*you have to have the radiation strike 
at or in the close neighborhood of the chromosome or gene before you 
can damage it. For example, experiments done in Chicago by Zirkle 
and Bloom show that when they were able to direct a minute beam 
of radiation (protons) through the cell, it was only when they actually 
hit the chromosome or right close to it that you then got chromosomal 
damage. If you hit right there, when the cell divided you had the 
bridges form. 

Other experiments similarly show that if you only hit the rest 
of the protoplasm you do relatively minor damage compared to what 
happens when you hit the chromosomes or genes. 

You can readily see, I think, that since we know through experi- 
ments in geentics that the frequency of these breaks, like the frequency 
of the mutations of the genes, is linearly proportional to the dose of 
radiation used, no matter in how small bits it is divided, then you 
might expect a derived effect, such as the decreased resistance to 
disease and consequent shortening of the life span also to be linearly 
proportional, 

It is true that at high dose rates of radiation you sometimes have 
two chromosomal breaks near together and then you can get entangle 
ments which would not happen if you have low dose rates. At low 
dose rates you therefore expect the effect to be proportional but at 
the high dose rates to go up even more steeply. | 

I think it is also very probable that even the very pronounced ef- 
fects of heavy exposure, such as you find in radiation sickness, such 
as the nausea, the drastic lowering of the count of white blood cells, 
the bleeding internally, are also due to this genetic damage to the 
somatic cells. 

For example, in a very careful investigation, Dr. Quastler showed 
that the intestinal injury that leads to death after high doses is caused 
by the failure on the part of the cells of the intestine that normally 
replenish the rest every 3 or 4 days to carry out this task. Owing to 
being so badly damaged, they fail to survive the process of cell division 
in normal condition. 

These effects of heavy doses do have thresholds, not because there is 
a threshold in the production of chromosome breaks, but only because 
you do not see clinical symptoms unless you have damaged a certain 
number of cells. 

If this point of view is correct, then I think it is to be expected that 
even the damage to the exposed individual could be better investigated 
by people who have the genetic point of view about it. They would 
be the ones who would be more likely to look for an effect that has no 
threshold. I think it is not at all surprising, therefore, in view of the 
probable mechanism of these effects, that it has taken geneticists, not- 
ably Boche, in the case of life span, and Lewis, in the case of the 
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effect of leukemia—both, by the way, Drosophila geneticists orig- 
inally—to uncover the evidence for the cumulative nature of the dam- 
age to exposed individuals. Moreover, I think the research should 
be continued along those lines. | 

Doctor Friedell said yesterday that the important thing to know is 
the mechanism involved. I do not say we know it. But I think we 
have more than a pretty good hunch. And we have to follow these 
hunches, even if they lead to conclusions that are distasteful to some 

eople, such as that there is no thres’;.ld. But if we calculate (as 

r. Hardin Jones will calculate with jou) the amount of effect of a 
given dose on the length of life, we find that the dose which is now the 
maximum permissible dose for occupationally exposed workers, 
namely, 50 r per 10 years, would lead in 40 years of their work to 200 
r. and would thereby deprive them—we may want to change this esti- 
mate; we can’t now say exactly—of some 4 years of their life. Per- 
haps 1 year of their life lost for each 4 years they work, or something 
like that. 

My main point here is that if there is no threshold, then the loss is 
of a sizable amount and we had better pretty soon find out how much. 
We meanwhile have to act on the supposition that it exists. Neverthe- 
less, this effect on the length of life of the exposed generation is not 
as great as the effect in damaging future generations. 

pheprarentatiye Ho.irretp. Why is that, Doctor? Will you explain 
that 

Dr. Muttrr. Yes. Let me now speak of the damage to future gen- 
erations. I said that not much of it was caused by the chromosome 
breaks but most of it by the mutations of the genes. The reason the 
mutations of the genes do not cause much damage usually to the ex- 

osed individual is because most of them are what we call recessive. 

here is a normal gene from the other parent that has a dominating 
effect, although it may very well be the case that in leukemia we have 
a dominant gene. But mutant genes that are decidedly dominant are 
not the usual ones. 

As for later generations, the chromosome breakage cases are largely 
weeded out by the cells dying before they get to the next generation. 
The mutations of the genes, however, persist and are handed down 
as mutant genes. These mutant genes also are usually recessive, as Dr. 
Glass explained. The person usually gets a normal gene from the 
other parent and that has the dominating effect. But the dominance 
is not quite complete usually, and that slight deviation from complete- 
ness is very important. 

Suppose it only reduces by 5 percent the chance of.an individual 
surviving to maturity; that is a chance of death of 1 in 20. It does so 
by handicapping him in some way. It is usually a slight handicap 
that he hardly realizes is there. He takes it in his stride because he 
has had it perhaps from birth, though it may not have expressed itself 
always, and it is mixed in with his other infirmities. All of us have 
some. No one is perfect because there is no such thing. But by it his 
biological survivability is reduced by just that much, and he hands 
that weakness on down to the next generation, and after awhile it will 
take its toll by happening to come in a combination of circumstances 
mare it will kill or prevent reproduction. So the thing will finally 

ie out. 
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As Dr. Crow explained, if it‘gives a chance of 1 in 20 of causing death 
in 1 individual, it tends to pass down to 20 individuals before it takes 
its toll. So it hampers correspondingly more persons than a gene that 
killed outright. Therefore, as Dr. Crow explained, the slight mutation 
is as bad in the end as the mutation with the big effect. Moreover, we 
are all of us full of these defects that come from the past. A hundred 
things, each of which does a one-hundredth of as much harm, are to- 
gether as bad as one thing that does that much harm. 

Representative HortrretD. Before you leave that, is it not true that 
if a general population receives a dose of radiation, as would occur 
in the gener Pater of the rate in the atmosphere, that there would 
be a greater chance for the mating of recessive genes? 

Dr. Mutter. If both people had been exposed, no, the increase in 
the chance would be insignificant, contrary to a common misconception. 
Because the chance is so slight that it should have been the same gene 
that was effected in both parents. There are more than 10,000 genes, 
we believe, and if each parent had an affected gene, therefore, the 
chance would be only 1 in 10,000. So that is virtually ruled out. 

Senator ANprErson. May I go back one step? Did I understand you 
to say that if, for example, the exposure was 50 r. every 10 years, and 
a man worked for 40 years, making a total of 200 r., his life might be 
shortened as much as 1 year for every 4 years of work? 

Dr. Mutter. No; I am sorry. I made a mistake. I means 1 for 
every 10. Dr. Hardin Jones will give you the latest information. 

Senator ANpgerson. You said 1 for every 4. 

Dr. Mutter. Yes. I was thinking of 4 times 10, and I got the 4 
instead of 10. 

Senator ANpERSON. So that would be 4 years shortening. 

Dr. Mutter. Yes. That would be the provisional estimate I made 
a long time ago and we may have better data now. I think this is 
probably a conservative estimate. | 

Dr. Jones. A very reasonable estimate. 

Senator ANDERSON. Thank you. 

Dr. Mutter. These effects then, being slight, are usually not recog- 
nized as such. Certainly you could not tell which mutation was 
caused by radiation, if radiation had been received by the parent, and 
which was not. The induced mutations are like those already existing 
in the population but are added to them. The only way you can tell 
they have been produced is by means of a very exact statistical study 
on large groups, comparing those that have been irradiated and those 
that have not. 7 

Through work on the fruitflies where we have the most exact knowl- 
edge to date, unless Dr, Russell has more exact knowledge on mice now, 
we can get a kind of minimum estimate of the amount of damage 
to the children by a given amount of irradition of the parents. Al- 
though there would not be time to show you here the way the calcula- 
tions are done—and they do have a considerable error—I think it is 
possible to show that the amount of damage to the offspring of parents 
that had received a certain amount of radiation to their whole body, in 
the case of fruitflies, would be something like the amount of damage in 
the parents themselves. 

A comparison, however, would show that, when, X-rays or gamma 
rays were used on fruitflies, the damage to the offspring would be some- 
what less than to the parents. You may think that is contradicted 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1057 


by what I said before when I said the damage to future generations is 
greater than to the parents. There is no real contradiction because 
we are here referring only to the first generation of offspring. But 
they hand the damage down to their offspring, and so on. 

As Dr. Crow explained to you, the damage does not die out to half 
its value for probably scores of generations. So you have to multiply 
this damage to the first generation of offspring by scores, maybe by 
50, to find out what the total damage to future generations is of just 
the 1 exposure to 1 generation. When you have done that you have 
obtained a figure of damage to future generations that is far greater 
than what is done to the exposed generation itself. 

I think most people would not be impressed with the weaknesses 
caused in future generations, even though future generations would 
feel them. Therefore, it is my contention that it is a very good thing 
that people’s own life span is shortened; that is, that there is a demon- 
strable effect on the generation itself that is exposed, because they 
will take notice of this effect on themselves, if they are allowed to 
know it. They will then take precautions that will save future genera- 
tions from a lot more damage than it saves themselves. 

The prolonged official reluctance, at least until a year or two ago, to 
give mtormation in popular form regarding these major types of radi- 
ation damage, that in the exposed individual himself expressed in the 
shortening of life and long delayed malignancies and that expressed 
in the descendants, and the reluctance to give information regarding 
the conclusion of some of those who have worked most directly in the 
field that even the tiniest doses add up accurately to determine the 
amount of these effects without any threshold, has, I think, under- 
mined the confidence of large numbers of well-intentioned people in 
the judgment and the intentions of the responsible governmental au- 
thorities, because the facts have, after alk, leaked out or have been sus- 
seis by the public, and they wonder why nothing has been said 
about it. 

As I said before the National Academy of Sciences 2 years ago: 

So many of the public are already aware of the genetic damage produced by 
radiation that their morale is weakened and their apprehensions are increased 
when they see that the damage is denied by prominent sponsors of our national 
defense. Thus the door is opened for their acceptance of the defeatist propaganda 
which alleges that even the tests are seriously undermining the biological inte- 
grity of mankind. In this situation the only defensible or effective course for 
our democratic society is to recognize the truth, to admit the damage, and to base 
our case for continuance of the tests on a weighing of the alternative consequences. 

Now when we do this, we conclude that the number of lives that 
will be seriously curtailed or injured throughout the world in future 
generations, as a result of the tests already held—supposing that they 
continue at this rate for perhaps 10 years longer—is in all probability 
in the hundreds of thousands or millions, and is therefore enormous. 
We should recognize that. Spank 

Despite all the uncertainties in regard to the exact figures, I think it 
was not possible to make clear to you how much careful work these 
estimates were based on, and the fact that although there may be an 
error of what we call a factor of 2 or 3, that is, that the true figures 
may be 3 times as much or ony a third as much, nevertheless it 1s very 
unlikely that they should be less than, I would say, a third as much. 
In other words, the values given to you by Dr, Crow are those which 
are most likely in the light of present knowledge. 


1058 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


So I think we must recognize that the number of lives that would be 
seriously curtailed or injured will be in the hundreds of thousands or 
millions, and is therefore, enormous. 

Senator AnpErson. Doctor, you say that a number of lives seriously 
curtailed or injured from tests already held? 

Dr. Mutter. Yes. I should modify that. I should say from tests 
held at the rate at which they have been held. 

Senator AnpvERSON. As they are now going? 

Dr. Muturr. Yes. 

Senator Anprrson. That does make some difference. 

Dr. Murer. Yes. 

Senator AnpErson. That would damage, you think, hundreds of 
thousands or perhaps millions, and you say that is within a probability 
factor of 3? 

Dr. Mutier. Yes. 

Senator Anprerson. A third as much or three times as much? 

Dr. Mutter. I would put it at that. 

Senator Anprerson. Then it would be a very substantial number of - 
lives if it is on the smaller side and an enormous number of lives on 
the larger side. 

Dr. Mutter. Yes. 

Senator AnpERsOoN. Doctor, do you believe that a number of geneti- 
cists agree with you in that point of view ? 

Dr. Mutter. I do, yes. They might differ as to where to put the 
factor. Somemight say 2. Some might say 5 or 6. 

’ poeawy Anpvrrson. This would sort of imply that there is no thres- 
old. 

Dr. Mutter. Yes. 

Senator AnpERSON. That it starts immediately. 

Dr. Mutter. Yes. That is because of the mechanism that Dr. Pol- 
lard explained. The thing strikes or it doesn’t strike. If it strikes 
it does the demage even if there was only that one strike. He made 
the comparison with a lightning strike occurring in a large space and 
a long time. in which however that strike would be just as effective. 

Senator Anprerson. I ask that question because of the discussion we 
had this morning of having some group to come in and discuss these 
figures with a responsible group such as the Commission itself. You 
do feel that. the geneticists could make a strong case in support of 
that ? 

Dr. Murer. Yes, especially those who have worked in the field. 

Senator Hickrninoorer. Dr. Muller, in your prepared statement I 
notice you said with respect to that, and I quote from the prepared 
statement as follows: | 

As I stated before the National Academy of Sciences 2 years ago, it has 
caused— 


that is, certain conceptions or misconceptions— 


people to lend too ready an ear to the alarmists who declare that the genetic 
material of the human race is seriously endangered by the fallout from the test 
explosions themselves. 
I do not know whether you got to that or whether you intended to 
do it or not. 
Dr. Mutter. No. I read a more detailed statement on the subject, 
taken from the discussion that 1 gave before the National Academy 
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“of Sciences. I read a part of that discussion. But I also stand by 
the statement as I have it in the text that you have just read. 

Senator Hicken.ooprr. With respect to these numbers which you 
refer to as hundreds of thousands or millions, do I understand the 
connotation of that to be that that in fact is extremely minute as com- 
pared to all the human beings for ensuing years ? 

Dr. Mutter. Yes. 

Senator Hickrnioorrr. Although it is large in numerical value 
standing by itself. 

Dr. Muuirr. That comes in the next sentence, you will see, where 
it says: 
Nevertheless these injuries, being scattered over the whole earth and through 
hundreds of years— 
I should have said thousands— 


are relatively very few, in comparison with those due to other causes, including 
natural mutations. Moreover, the suffering to be entailed, although enormous 
in absolute terms, must be very Small relatively to that which might follow 
from any serious mistake in the conduct of international relations. 

Senator Hickrmntoorer. Therefore, Doctor, it becomes a matter of 
relative value in this particular field. 

Dr. Muuier. Yes. 

Senator HickrNLoorer. Some things we may have to do, such as 
getting into war where we do not want to kill people, whether by 
bullet or disease or anything else, but we have to balance security and 
necessity against the hazard and strike a balance as to our conduct. 

Dr. Mutter. Yes. I do not mean that when we strike that balance— 
I am not trying here to say which way the balance will be struck. 

Senator Hickentoorer. I understand. You are making the point 
that someone must exercise judgment and determination in the hght 
of all the circumstances. 

Dr. Mutter. Yes. I would agree with Doctor Sturtevant that one 
life is a serious matter. . 

Senator HickeNnioorer. Yes, without doubt. 

Representative Hoxtrretp. You are really making a plea that all 
the facts be known before the decisions on policy are made. 

Dr. Mutter. Yes. . 

Representative Horrrierp. And no facts be repressed. 

Dr. Mutter. Yes. 

On the other hand, the consequences of a full-fledged war, with 
its heavy irradiation of large numbers of people on both sides, would 
be inordinately more serious in its effects on the human genetic heritage 
as well as in its more direct effects. It is this consideration which, in 
my opinion, makes a continuation of test explosions a monstrous mis- 
take of policy for both sides. Of course it would be absurd to expect 
one side to stop without the other. But a continuance by both sides 
would tend to lead the world nearer to a war that even with present 
techniques would result in the cataclysmic ruination of humanity in 

eneral. 
‘ May I add that the means of destruction are now so advanced on 
both sides that further advances by one side alone could not save it 
in the case of a war from becoming itself destroyed. By war I mean 
an atomic war, because I do not think you can have a world war any- 
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more without a thermonuclear or atomic war. I do not think it is 
realistic to suppose that you can. 

Senator Hicxrentoorer. This illustration, I realize, is not exactly 
on all fours with the situation we have here today, but we are con- 
cerned with the danger and propriety of continued tests in the world. 

Dr. Mutter. Yes. 

Senator Hicxentoorrr. I presume all of us would earnestly hope 
that we never had to test atomic weapons, That perhaps would be 
the ideal.. There are certain political factors that enter into those de- 
cisions, but by the same token I presume that we want to save thou- 
sands of lives in this country every year and we could just abolish the 
manufacture of automobiles and go back to riding horses. It seems 
to have struck a balance in the minds of people that transportation 
is important and we keep making automobiles, people keep getting 
killed by the thousands on the highways every year. We are all sad 
about that. 

The point I was attempting to understand in my own mind i is that 
there is a balance which someone must determine as to the ultimate 
good to either us or the world in this atomic field and whether or not 
we continue. 

Dr. Mutier. I would accept that, except that I would rather say, 

“which every one has to help determine.” 

Senator Hickenooprr. Yes, indeed. 

Dr. Mutter. I might add in this connection that in my talk to the 
National Academy 2 years ago I stated it to be my belief at that time 
that a continuation of the nuclear tests was necessary. I still think 
that this was the case at that time but I think the situation has changed 
since then. But there I am not speaking as a geneticist. 

Senator Hickennoorrr. I do not know whether I understand or not, 
but may I ask you, are you advocating that the United States stop 
testing weapons unless we get reliable agreement that other nations 
in the world would stop also? 

Dr. Murer. Of course not; no. The more that we can get people 
of the world to recognize the terrific damage that nuclear war will 
bring to them all, I think the more they will see the light on that point. 

Senator Bricker. Are you going to discuss later, Doctor, the an- 
swer to the question I asked this morning in regard to the experi- 
mentation that is going on in Russia? 

Dr. Mutier. Yes. Just a little more here—I am on the last page on 
a somewhat different topic, but it is all related. 

In order that the grave biological effects of radiation may receive 
due recognition and study—and I have tried to show you that they 
have not received due recognition and study—and may duly influence 
our policies and procedures, it is important that persons with a sys- 
tematic background in genetics be placed in positions in which the 
decisions involving these matters are made, Truly this should be the 
case if there is any chance that genetic processes lie behind all the 
major damage done by radiation to man. Yet this is not the case at 
present. 

For example—and let me not be misunderstood here—I have the 
highest regard for Dr. Shields Warren and for Dr. Brues and their 
associates, but I think it is important in this connection to point out 
that the official delegates of our SOULE on the United Nations Scien- 
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tific Committee on the Effects of Atomic Radiation—and those are 
the gentlemen I have just mentioned—are neither of them geneticists. 
J am sure neither of them would wish to claim to be. I mean by that 
they would disclaim it. | 

Representative Corz. On that point, Doctor, do you know whether 
other members or official delegates from other countries on this com- 
mittee are geneticists? 

Dr. Mutter. ‘There is one geneticist of bacteria, Dr. Appleyard of 
Canada. There is Dr. Caspersson from Sweden who studies chromo- 
somes and other cell materials through the microscope. He is not 
exactly a geneticist. There is an alternate, Dr. Gopal Ayengar, from 
India who is a geneticist. Dr. Bacq of Belgium is in fields related to 
genetics. 

So far as I know, those are the only ones that come near the subject 
of genetics who are on that committee. I stand to be corrected. They 
can, of course, and have, at least at the last meeting, I understand, had 
some geneticists present as consultants. Yet the chief discussions of 
that committee to date, so I have been told, have been on directly gene- 
tic matters, on these very questions here, especially on the effects on 
future generations. 

You may remember that this country insisted that the delegates be 
chosen not by sciences but by countries and that the delegates by 
countries be chosen by the government and not by the scientific bodies. 
Some other countries put up strong resistance against that, but finally 
accepted it. 

It may be noticed that most of the nongeneticists who deal with 
these matters, as I think is clear from the discussions of yesterday, 
are on the same side. They are on the other side from geneticists in 
regard to the major question of whether there is a threshold or whether 
the major effects on the body are linearly proportional to the dose 
all the way down to zero. That is an important issue in assessing 
the effects not only of the tests, but also of the peacetime uses of atomic 
energy. 

I might say that when it comes to another body that is very impor- 
tant in this connection, the National Committee on Radiation Pro- 
tection, we are in a better situation. Dr: Glass here, a very good 
geneticist, if I may say so, is a member of that committee, who was 
newly appointed just a few days ago. I was a member of one of the 
subcommittees for some years, although I am not sure whether I still 
am or not. 

Representative Core. Mr. Chairman, may I clarify the record? I 
understand Dr. Glass had been a member of this committee for 3 years. 

Dr. Mutter. No, that is another committee. That is the Atomic 
Energy Advisory Committee on Biology and Medicine. I am now 
speaking of the National Committee on Radiation Protection which 
is under the auspices of the National Bureau of Standards and which 
is the one promulgating the permissible dose which we had explained 
tu us the other day on the blackboard. 

The latter committee do have, as I have said, a geneticist here and 
there. However, they have official representation from about 15 differ- 
ent organizations, mostly of a medical or governmental nature. Yet 
they do not have one official representative from any of the profes- 
sional genetic organizations, such as the Genetics Society of America, 
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the American Society of Human Genetics, the American Genetic Asso- 
ciation, or the Society for the Study of Evolution, all of which are 
in my opinion as closely concerned with this matter as for example 
the Radiological Society. Consequently, there is not sufficient rep- 
resentation among them of that genetic point of view of the mechanism 
which leads us to expect no threshold and to take the matter more 
seriously at small doses. This circumstance, I think, provides the 
reason why the record of this committee’s decisions on the permissible 
dose, al as Dr. Taylor presented the matter yesterday appeared to 
show that they were so cautious, in actuality showed that the first dose 
they set was far too high, so that they had to set it lower. Then they 
found the second limit also was far too high and again they came 
down. And recently they found that the third limit in turn was too 
high and they came down once more. This does not indicate that they 
have been so cautious. It means they have not been cautious enough. 
The geneticists would not have set so high a permissible dose in the 
first place, on the basis of what we knew 30. years ago. 

The grounds for the reduction in permissible dose that was made by 
the committee a few years ago, prior to the issuance of the National 
Academy’s report, did not lie in considerations of genetic damage. 
Tor the permissible dose handbook specifically stated that this dose ( (of 
0.3 roentgens per week) was set without regard to genetic effects. The 
geneticist members objected to that but it was carried anyway. In 
other words, it was known that the dose was considered too high on 
genetic grounds but it was adopted in spite of this, although it was 
acknowledged that it might be reduced again later. 

Now that the Academy has made its report it has in fact been reduced 
a great deal more. I agree however with Dr. Glass, that it is probably 
due for even further reduction. 

A similar attitude is reflected in the omission of any mention of 
the genetic effects of radiation in the courses on radiation in relation to 
health that are given both for our own people and for foreign selectees 
under AEC auspices at Oak Ridge. It is not enough to have biologists 
of some sort, or medical men, to reach decisions on these matters, unless 
they include a strong contingent of geneticists and of those who have 
a genetic point of view. Others are not likely to admit the danger 
from small doses. 

In view of this situation and of the notorious resistance to the accept- 
ance of genetic principles on the part of so many, not only of govern- 
mental appointees in the policymaking positions, but also of so many 
of the medical profession, a resistance that has prevented the medical 
profession for 30 years from duly protecting themselves, their tech- 
nicians, and their patients when X-rays are used medically, and that 
has thereby subjected the reproductive cells of our population to very 
much more radiation than that from fallout—it is my opinion highly 
important that a National Radiation Health Institute be established as 
a part of the United States National Institutes of Health, but only 
if it contains a solid core of competent and versatile geneticists as one of 
its major features. 

It is true that there is excellent research on the genetic and other 
effects of radiation being carried out in our country and that a con- 
siderable amount of it is made possible by the support or is done under 
the auspices of the AEC. This research, however, does not sufficiently 
insure the all-around consideration and study of these matters in rela- 
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tion to public health and well-being, and the promotion of adequate 
measures in application of the conclusions reached. 

If anyone wishes to ask some specific questions on the Russian aspect 
of the situation, I would be glad to take them up. 

Senator Bricker. I just wanted him to discuss the situation and 
whether they are conscious of the conclusions you have come to and 
are presenting to us and what research is being done there with regard 
to the effects of fallout. 

Dr. Muuier. I have to infer from my knowledge of Russia derived 
from various sources, including firsthand information gained 20 years 
ago, that they are and will be having to follow our lead. We can’t 
look to them for useful information at present along these lines. For, 
as I think most people realize, there was a purge of geneticists and 
an expurgation of the subject of genetics from teaching in the school 
and universities, from the boards of publication of journals, and from 
research institutes. It has not been taught to students for about 20 
years. Most of the leading geneticists were somehow done to death, 
and I say this advisedly. 

Chairman Durnam. You say they will have to follow us. Do you 
think they would follow us? 

Dr. Mutter. Yes. 

Chairman DurHam. Do you think so? a3 

Dr. Mutter. Yes. There are a few geneticists left, of course. I 
think that some of the politicians in leading positions, since Stalin 
died, realize the folly of their old ways in regard to the subject of ge- 
netics. We have solid evidence that it is now possible to advocate the 
principles of genetics and to do some research in it. 

A few of the old research workers are left, and there are said to be 
plans to give them positions in which they can resume their genetic in- 
vestigations. However, the quacks have not by any means been dis- 
established yet, although they do not hold as commanding positions 
as they had batoed One of the older geneticists, Dubinin (he was not 
old 20 years ago), was even rumored to have been selected as one of 
their delegates on the U. N. Scientific Committee on the Effects of 
Atomic Radiation. If so, Russia did better than most of the other 
countries in regard to that committee because Dubinin was a real 
“honest-to-goodness” geneticist. 

Chairman DurHam. You do think that Government officials are 
getting advice on genetics? 

Dr. Mutter. They are beginning to get advice on genetics again. 
But I also note that the quack group are still strong. We have proof 
of that in publications and in the fact that in the Conference on Genet- 
ics that was held in Japan last September the Russians sent, I believe, 
four delegates, and all of them belonged to this quack school. So there 
is a division on the matter in Russia now. 

Chairman Duruam. What do you think is the reason for the Rus- 
sians not permitting the genetic scientists to take part in the United 
Nations? 

Dr. Mutirr. The Russian, Dubinin, is a geneticist. Most of the 
other countries didn’t seem to realize that geneticists were needed, for 
this committee seemed to assume that physicians would know about the 
subject. However, you will find very few physicians in this country 
that have an education amounting to anything in genetics. 
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Chairman Durnam. Did I misunderstand you? I thought you said 
they would not permit him to go to the United Nations panel. 

Dr. Mutter. No. I said I had heard, but I cannot verify, that 
Dubinin was to go to that meeting as an official Russian delegate. 
Whether he went or not I do not know. Perhaps someone here knows. 
I would be interested to know if he did. 

Representative Hoxtrirtp. Dr. Muller, you have spoken in two in- 
stances in your presentation here of the prolonged official reluctance 
and the curious official silence. Is it not true that you were invited 
to give a paper at the Geneva Conference a couple of years ago? 

Dr. Mutter. Yes. 

Representative Hoxirmip. The Geneva Conference on Atomic 
Energy ? 

Dr. Mutier. Yes. 

Representative Houirietp. Did you give it? 

Dr. Mutuer. It was printed in the proceedings. 

Representative Hotirrerp. That is not quite an answer to my 
question. 

Dr. Mutter. No, I did not give it there. I was prevented from 
giving it. | 

Representative Hoxtrretp. Who prevented you from giving it? 

Dr. Mutter. The story has some complications of detail, but the 
essential thing is that it was called off by higher echelons of the AEC. 
That was actually shortly after this article of mine had appeared in 
Science that I quoted from earlier, in which I said there had not been 
enough airing of the matter. | | 

Representative Hotirretp.. Were you given any reasons as to why 
you were not allowed to give your paper ? 

Dr. Mutuer. Yes; there was not room for me. Also they were sorry 
they had to notify me so late because they had only just received word 
so late from the International Committee. It was afterward found 
that it was not the International Conmmittee that had asked to have 
my paper excluded. They had approved of having it given. That 
expression was used, however, in the official letter written to me by 
the AEC authority. 

Representative Honirreip. Are there any further questions? 

Representative Corr. Mr. Chairman, it had been my understand- 
ing that the committee was going to allow our staff specialists in this 
field to interrogate the witness in any area in which they felt there 
was some need for further amplification. I would like to inquire 
if Mr. Hollister might not have some questions of Dr. Muller. I would 
suggest that hereafter Mr. Hollister would be invited to interrogate. 
He is reluctant to inject himself into the interrogation. 

Representative Houtrreip. The Chair has informed Dr. Tompkins 
and Mr. Hollister that they have the privilege of touching me on the 
shoulder and asking questions of any witness. They: certainly do 
have that privilege. It was announced at the beginning of the meet- 
ing, and we certainly intend to allow them that privilege. 

Mr. Hollister, would you like to ask some questions of Dr. Muller 
before he leaves the stand ? 

Representative Pricr. Before he does, is Dr. Muller’s paper before 
the National Academy of Sciences included as part of the record? 

Representative Hottrrevp. Dr. Muller, Mr. Price’s question was, 
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have you presented your paper that you were to give at the Geneva 
Conference as part of the record of your presentation? 

Dr. Mutuzr. I had not intended to do so. I would like to present 
something more recent—two things in fact—one short paper, Poten- 
tial Hazards of Radiation, which is now in press in the journal Ex- 
cerpta Medica published in Amsterdam, It is six typewritten pages 
with some references. 

Then a little statement that I gave out last October 20, 1956, that 
I think Icould read. Itis very short. | 


So devastating would be the damage done to both present and future genera- 
tions by the nuclear explosions which any global war is likely to bring, that the 
great issue of today is not that of the relatively minor damage produced by 
mere tests of H-bombs, but that of taking all steps we safely can, such as the 
mutual discontinuance of these tests, which will tend to lessen international ten- 
sions and bring us nearer to all-round armament control. Unless this control 
is achieved in the short time open to us before thermonuclear weapons have be- 
come available to more countries still, and before intercontinental missiles have 
become a reality, we will find ourselves in a situation even more ungovernable 
and menacing than that of today. 


I also wish to introduce a paper in the report by the World Health 
Organization study group on the effect of radiation on human genetics 
(see ees p. 1728). This report of the World Health Organiza- 
tion is being presented to the U. N. Committee on Radiation Damage 
and will be published next month sometime, it is expected. I have a 
copy of the paper of mine of that report here to include. 

epresentative Hoxtirieip. Thank you very much. Without objec- 


tion they will be received. 
(The document referred to, together with an article entitled “How 
Radiation Changes the Genetic Constitution” by Dr. Muller, follow:) 


POTENTIAL HAZARDS OF RADIATION #4 
(By H. J. Muller, Indiana University) 


Hvidence has in recent years been accumulating for the broad conclusion that | 
the great majority, if not all, of the damaging effects on life and health evoked 
by ionizing radiation are results of permanent changes produced in the genetic 
material: the chromosomes or their contained genes. These changes, when oc- 
curring in the genetic material of the germ cells, reach expression through re- 
duction in the number of functional germ cells (infertility), increased mortality 
of zygotes of the first and subsequent generations (dominant lethals and detri- 
mentals), and, in general, the alteration of one or more hereditary character- 
istics, that thereafter are transmitted in their new form (mutations). 

Our knowledge of the nature of these effects, and of their manner of produc- 
tion, has been derived in the first place from studies of the descendants of ex- 
posed individuals, checked by cytological observations of cells derived from ex- 
posed germ cells. However, there is increasing ground for the inference that 
ionizing radiation produces changes in the genetic material of the somatic cells 
like those in the germ cells, and that it is these chromosomal and gene changes 
in the somatic cells that form the basis of most of the damage to the exposed 
individual himself, such as erythema and the various other aspects of radiation 
sickness, shortening of the life span, diverse malignancies, etc. 

The primary changes in the genetic material, as disclosed by cytogenetic in- 
vestigations on widely different forms of life ranging from viruses and bac- 
teria to fungi, flowering plants, insects and mammals, may for convenience be 
divided into two groups. These are the chromosome breaks, that result in frag- 
ments the broken ends of which tend to unite with one another either in the old 
or in new arrangements, and the point mutations, that involve alterations at 
very localized positions on the chromosomes and are inherited according to 
Mendelian principles. It would take us too far afield here to discuss the proposi- 





1Slightly modified version of article in press in June 1957 issue of Excerpts Medica 
(Amsterdam), 
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tions that there may be a,fundamental. similarity between the changes of these 
two groups, that they may integrade with and even overlap one another, and 
that, at any rate, the classification into one or the other group is in many cases 
uncertain. However that may be, the distinction remains of practical import- 
ance. 

It is the point mutations which, although the more elusive of the two types 
of genetic changes, do the most harm in the long run. Even though evolution 
has come about by the natural. multiplication of the very infrequent advanta- 
geous point mutations, the vast majority of them, whether arising naturally or 
induced by radiation, are of a detrimental nature, as is only to be expected of 
“blind” changes. Yet, contrary to popular opinion, mutations giving rise to 
conspicuous abnormalities, monstrosities, or freaks, are a great rarity, even after 
heavy doses of radiation. The point mutations induced in animal material by 
jonizing radiation have been found to be similar in their range of types and in 
the relative frequencies of those having different kinds of visible expression 
(“phenotype’’) to the naturally arising mutations, although the distribution of 
relative frequencies from gene to gene may be somewhat different for the two 
groups. 

In considering the expression of a mutant gene we must distinguish between 
that which it has when homozygous, i. e. when inherited from both parents 
alike, and when heterozygous, i. e. from but one parent (the other having sup- 
plied a normal gene). Many mutant genes (possibly as many as one-fifth, as 
indicated by work on fruit flies) have such drastic effects when homozygous as 
to unconditionally kill the individual prior to maturity: these are the “lethals.” 
The great majority of the remainder, when homozygous, cause some degree of 
impairment, even though relatively few of them give rise to readily visible 
abnormalities. In heterozygous condition their expression is usually much less 
pronounced than in homozygous condition and is very seldom recognizable; 
hence most- mutant genes are termed “recessive.” Yet even when heterozygous 
there is usually some slight, statistically important impairment of the capacity 
to live and reproduce. Hence, since the mutant gene is regularly transmitted to 
subsequent generations, it nearly always results, eventually, in the extinction 
(genetic death) of the line of descent carrying it, and this usually happens before 
the gene has had an opportunity to become homozygous. 

These “genetic deaths” are seldom identifiable as such because the hetero- 
zygous individuals that suffer them show so little recognizable impairment. They 
represent the price paid by any population in preventing an unlimited accumula- 
tion of mutant genes within it.. Studies on the frequencies of natural mutations 
in Drosophila, the mouse, and man, and of the effects of inbreeding in man, agree 
in indicating that each person carries on the average, mainly in heterozygous 
condition, at least four times as many mutant genes as would have been enough 
to kill him outright if they had been homozygous. It is further indicated that, 
in the mainly heterozygous condition in which the mutant genes actually occur, 
they tend, by their cumulative action, to cause the genetic death of at least 1 per- 
son in 5. 

When the mutation rate is raised by exposure to radiation the frequency of 
genetic death is correspondingly raised, over a number of generations that is in- 
versely proportional to the degree to which the mutational damage is expressed 
in the individual’s of any given zeneration. Russell’s studies on the mutations of 
7 genes in mice show that some 30 r. delivered to the immature germ cells con- 
stitutes the “doubling dose,” in that it induces in them as many mutations as 
arise naturally per generation. It is unlikely that in man the doubling dose is 
more than twice as high, and it may even be somewhat lower than in the mouse. 
At any rate, the correctness for man of this order of magnitude is indicated by 
studies of Turpin and Lejeune and of Macht and Lawrence, and is not contra- 
dicted by the lack of statistically significant findings in the studies made in 
Japan by Neel and Schull. 

Since there is much evidence indicating a linear relation between the radiation 
dose and the frequency of the induced point. mutations, even at extremely low 
doses, and the exactly cumulative nature of these radiation effects, it becomes 
possible to arrive at probable estimates of the minimum damage done to sub- 
sequent generations by any given chronic or acute exposure of parents. In view 
of the dearth of conspicuous abnormalities, one of the best overall measures of 
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this damage lies in a measurement of mortality, expressed for instance as length 
of life. The criterion has recently been used by Russell in his demonstration that 
neutrons applied to male mice cause a shortening of the average life-span of their 
progency that is about as great as that caused in the) directly exposed individuals: 
nearly 0.1 percent of the life-span per rep. Since, however, the effects on the 
progeny are likely to reappear throughout scores of generations before being 
terminated by means of genetic deaths, the total damage to the descendants is 
many times greater than to the exposed individuals. 

Chromosome breaks, like point mutations, are induced with a frequency di- 
rectly proportional to the total dose of radiation, regardless of how concentrated 
or dispersed the treatment has been. Some of the rearrangements of chromosome 
parts result from single breaks, and some from two or more breaks lying in the 
course of the same ionizing particle. The frequency of either of these types of 
rearrangements, like that of the individual breaks, varies directly as the total 
dose, regardless of its distribution in time. Other rearrangements, that result 
from a combination of fragments derived from independent breaks occurring 
within the same few minutes, have in consequence of this mode of origin a fre- 
quency that is insignificant when the radiation has been of low intensity but 
that rises rapidly with the intensity, approximately as its square, and that be- 
comes of major importance at high dose rates. Thus chronic or repeated low 
exposures give rearrangements that are linearly related in frequency to the total 
accumulated dose, while higher dose-rates give disproportionately numerous 
effects. 

A cell in which one or more chromosomes have been structurally changed by 
breakage will continue to function normally until cell division occurs. At that 
time the altered chromosomes often give rise to chromatin bridges that connect 
the daughter nuclei, interfere with their further multiplication, and ultimately 
result in death of the affected cell line. In the absence of a bridge, the daughter 
or descendant cells may come to lack parts of chromosomes and/or to have other 
parts in excess, and the resulting unbalance of gene proportions (“‘aneuploidy’’) 
tends to impair and even kill the descendant cells. Happening in the germinal 
line, these phenomena are expressed as infertility of the exposed individuals, and 
as lethality among embryos of later generations. 

The chromosome damage, leading to postmitotic cell impairment and death, is 
also induced in somatic (body) cells. It provides an interpretation of such 
phenomena as the “law of Bergonie and Tribondeau” (relating the degree of tissue 
damage to multiplicational activity), the radiation death of individual somatic 
cells in tissue cultures (as in work of Puck and Marcus), and the delayed pro- 
duction of minute cataracts in irradiated lenses of the eyes. That it is the 
chromosomes rather than the protoplasm of cells which are ordinarily the seat 
of the more significant radiation changes, leading to cell death, has been shown 
in numerous studies, among them those of A. R. Whiting, Zirkle and Bloom, and 
Ulrich. It is only when a given number of cells has been destroyed within a given 
space and time that certain visible symptoms appear, such as reddening of the 
skin, reduction in number of white blood cells, intestinal hemorrhage, etc. How- 
ever, there is no threshold for the individual cell effects, and analyses such as 
that of Quastler are increasingly implicating them as the basis of the clinical 
manifestations. 

It is almost certainly through the individual cell deaths and impairments that 
minute doses of radiation, long continued or repeated, exert their action in short- 
ening the life-span of the exposed individual. This effect, first analyzed by 
Boche and then by Sacher, has been calculated to cause a reduction in length 
of life of the order of several days for every roentgen unit received by the body 
as a whole during a person’s lifetime. 

On the other hand, leukemia and some other malignancies, the induction of 
which may also be linearly dependent upon radiation dose, are considered by 
geneticists as being more probably results of point mutations in somatic cells 
than of chromosome breaks. From the conclusions of Lewis it may be calculated 
that for a population of 160,000,000 with a lifespan like that in the United 
States each absorbed roentgen of whole-body radiation would result in some 
10,000 cases of leukemia during their lifetime, while one-tenth the “maximum 
permissible dose” of strontium 90 would result in some 55,000 cases. 

The present population of the United States has been reckoned to receive, on 
the average, some 5 r. of radiation to the gonads from medical exposures alone 
before the age of 30 (see Laughlin and Pullman) but the amount from all 
diagnoses and treatments may well be double this (see Schubert and Lapp). 
About 3 r. are received from the natural background radiation. The amount 
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from atomic test fallout is as yet much less, and is said to be of the order of 
1 r., although atomic warfare, or insufficient precautions in the peacetime use 
of atomic energy, could raise it enormously. ‘The present exposure of Western 

opulations, caused largely by fluoroscopy and by roentgenograms of the lower 
{runt is not enough to cause concern in regard to shortening of life of the ex- 
posed generation, but its effect on future generations must be a good deal 
greater. The same consideration applies to occupational exposures. It has led 
to the recent recommendations for intensification of radiation precautions 
promulgated by the National and International Committees on Radiation Pro- 
tection, and the committees on the genetic effects of radiation of the National 
Academy of Sciences (United States), the Medical Research Council (Great 
Britain), the World Health Organization, and the United Nations. It has re- 
cently been reflected in increasing activity in this direction in medical and 
dental circles. 
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[Reprinted from the Bulletin of the Atomic Scientists, November 1955] 
How RADIATION CHANGES THE GENETIC CONSTITUTION 
H. J. Muller 


Dr. Muller, professor of genetics at Indiana University, prepared 
the following paper for presentation at the United Nations Confer- 
ence on the Peacetime Uses of Atomic Energy, at Geneva. Although 
the paper was not given orally, it will appear in the published pro- 
ceedings of the Conference. 


The changes in the genetic constitution produced by ionizing radiation may 
for convenience be classified into two major groups: chromosome aberrations 
and point mutations. 

The chromosome aberrations consist of losses and additions of whole chromo- 
somes or chromosome parts and/or alterations, called structural changes, in 
the alinement of chromosome parts. Structural changes are caused by the 
breakage of one or more chromosomes at two or more points, followed by the 
junction of the fragments at their broken ends, so as to form a new arrange- 
ment ,, that is, a new linear sequence of their component hereditary particles or 
genes. 

Point mutations are changes confined to regions of the chromosomes so small 
that no loss or addition or change in arrangement of genes can be demonstrated 
by microscopic examinations or breeding tests. Since structural changes range 
from “gross” to those so minute as to be at the limit of being detectable as 
such, there are doubtless other cases of substantially the same kind, but below 
that limit of size, which become included among the point mutations. How- 
ever, there is reason to infer that many of the point mutations produced in 
animals by radiation are not of this kind, but involve changes within the in- 
dividual genes, and are therefore to be considered as “gene mutations.” By 
this it is meant that these changes are restricted to genetic elements too small 
to be divided either by the process of normal hereditary recombination (cross- 
ing over) or by that of gross structural change. This seems to be true also of 
the great majority of genetic differences that exist naturally between indi- 
viduals of the same species; that is, they appear to have arisen as gene 
mutations. 








1H. J. Muller, J. Genet, 40: 1-66 (1940). 
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CHROMOSOME ABERRATIONS 


The chromosome aberrations produced by radiation in the cells of somatic 
tissues that replenish themselves by proliferation cause necrosis in much of the 
tissue descended from these cells and abnormality in much of the surviving 
descendant tissue. This constitutes a major source of delayed radiation damage, 
some of it never repaired, in the exposed individual himself, The same series 
of events, occurring among the immature germ cells of the exposed individual, 
can result in his or her partial or complete sterility. Among mature and nearly 
mature germ cells, especially spermatozoa, there is a much higher incidence 
of induction of these chromosome changes, for any given dose of radiation, than 
among immature germ cells or somatic cells.2 Recent evidence® confirms the 
inference’ that this peculiarity depends upon the chromosomes being in a con- 
densed (tightly spiralized) condition and that it therefore applies also to cells 
that are in mitosis at the time of irradiation. 

Mature sperm or eggs in which chromosome aberrations (actual or potential) 
have been induced, function in fertilization, but many of the resulting embryos 
die in consequence of their abnormal chromosome content. Other embryos, in 
which there has been gross structural change without excess or deficiency of 
chromosome parts, develop into normal adult individuals. However, when these 
seeming normals reproduce, recombination occurs between the structurally 
changed chromosomes derived from one parent and their normal homologues 
derived from the other parent. In consequence of the nonmatching linear 
arrangement of the genes from the two parents, about 50 percent of the germ 
cells now produced have excesses and/or deficiences of chromosome content. 
These germ cells usually function, but give rise to embryos (of the second 
generation after exposure) which die in utero at an early stage.* This mortality 
of embryos tends to be repeated over an indefinitely long series of generations. 
For half of the surviving embryos of such a line of descent, although not them- 
selves containing the lethal excesses or deficiencies, have the grossly changed 
linear arrangement of genes that, by recombination, again gives rise to these 
effects. 

In modern human populations, there is a tendency to compensate or even 
overcompensate for reductions in the frequency of viable births, by purposely 
increasing the number of pregnancies." Hence damage of this kind, once induced, 
does not tend to die out rapidly but may even spread. 

Fortunately there are several factors which serve to limit the frequency with 
which these cases of inherited abortions are produced. One is the fact that the 
period spent by male germ cells in a mature or nearly mature state averages, at 
the very most, a few months, whereas they usually spend some 25 years or more— 
well over 100 times as long—as immature germ cells, relatively insusceptible 
to the induction of chromosome aberrations. Although the relative lengths of 
the corresponding periods for female germ cells are not well established, the 
germ cells are, even when nearly mature, much less susceptible than spermatozoa 
to the induction of the gross aberrations that cause inherited abortion.’ It 
may be concluded that more than 99 percent of the germ cells which function 
after a given exposure of limited duration (comprising only a few days or 
weeks) were at the time of that exposure in an immature stage, relatively 
insusceptible to the induction of chromosome aberrations. In them, aberrations 
of all kinds were induced with far lower frequency than point mutations. 

Even in the less than 1 percent of germ cells that are exposed to radiation 
of beta or gamma type during their susceptible stage, gross structural changes 
of chromosomes will be produced at a low frequency, relatively to point muta- 
tions, unless the total dose of radiation received in that period is fairly high, 
of the order of a hundred or more r, (roentgen) units. This is because the 


1 See footnote, p. 1069. 

3 However, some immature germ cell stages are much more susceptible to chromosome 
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tions are found later, on analysis of offspring derived from the cells that had been exposed 
while immature. This is because the descendant cells derived from those immature germ 
cells in which the chromosomes had been altered so often die out, and have their places 
taken OF compensatory multiplication of descendant cells derived from those immature 
germ cells in which the chromosomes had not been altered. This consideration does not 
apply in the case of point mutations. (Note added October 5, 1955.) 

I, Oster, Excerpta Medica (8th Internat. Cong. for Cell Biol. No. 8: eit (1954). 
4P, Hertwig, Z. indukt. Abstammungs-u. Vererbungslehre 79 : 1-27 (1940). P. C. Koller, 
Genetics 29: 247-63 (1944). G. D. Snell, Amer. Naturalist 68: 178 (1934). 
5B. Glass, Amer. J. of Hien Genetics 2: 269-78 (1950). 
¢G. D. Snell and F, B. Ames, Am. J. Roentgenol. Radium Therapy 41: 248-55. (1939). 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1071 


- 


production of these aberrations requires at least two chromosome breaks, and 
these are usually produced independently, by the tracks of different fast 
particles. On account of being in this sense double or multiple events, these 
aberrations vary in their frequency according to,an exponent of the dose of 
radiation higher than one (commonly, about 1.5).* \On the other hand, the point 
mutations vary as single events, according to the dose itself. Thus, as the dose 
is diminished, they do not drop off as fast ag the structural changes do, and 
the latter become rare, relatively to the former. 

It follows from the above considerations that inherited abortion caused by 
structural change is a relatively insignificant danger even in the case of a large 
dose of beta or gamma radiation that has been received in small fractions of not 
more than a few r. per month. If the amount received in any month is higher 
than this, however, measures should be taken to avoid this damage. These 
measures would consist in the prevention or avoidance of conception until the 
passage of several months after the high exposure. With a very high dose, 
however, all but the first month of this period would be sterile anyway. 

When the exposure has been to alpha or neutron radiation, the production 
of gross structural changes tends to vary with the dose itself instead of with 
a higher exponent.’ This is because both the breaks participating in such an 
aberration are usually produced by activations arising from the track of the 
same fast atomic nucleus. In consequence, both of this proportionality of the 
frequency of structural change to dose with this type of radiation, and of the 
fact that the more densely crowded activations from such radiation are actually 
more efficient in breaking the chromosomes, much lower doses, in reps, of neutrons 
or alpha rays than of gamma, beta, or X-rays give significant numbers of struc- 
tural changes. Hence, the rule of not reproducing within some months after 
exposure should be applied in this case of much lower doses when the radiation 
has been of these types. In order to gage how low this limit should be placed, 
it should be taken into consideration that even 5 reps of neutrons, applied to 
spermatozoa, may be estimated to induce inherited abortion, based on gross struc- 
tural change in some 1 to 6 among every thousand viable individuals derived from 
these spermatozoa.® 

The frequency of natural occurrence of gross structural changes giving in- 
herited abortion has not been studied extensively in mammalian populations, but 
it is known to be low. The highest recorded figure’ is about 6 percent. Among 
offspring from spermatozoa treated with 500 r. X-rays, 25 percent have been 
reported by 2 observers.” 


CHARACTERISTICS OF NATURAL POINT MUTATIONS 


Among the genetic changes induced by exposure to radiation from artificial 
sources the point mutations are far more frequent and significant that the 
chromosome aberrations. Among the genetic changes that arise from natural 
causes (those somewhat misleadingly referred to as ‘‘spontaneous’”) the point 
mutations are still more frequent and important, as compared with the chromo- 
some aberrations. Any ordinary population contains a large accumulation, or 
“load,” of these natural point mutations, which have arisen in the course of 
many past generations. If any new point mutations are induced by radiation 
these are added to this already existing load of mutations. They thereupon be- 
come lost to view among the latter, in the sense that, with rare exceptions, the 
origin of any individual point mutation cannot be traced to the radiation. Thus, 
in order that radiation mutations may be viewed in due perspective, certain 
salient facts about the natural mutations should first be passed in review. 

Natural point mutations occur sporadically.. They are not individually con- 
trollable. Any such mutation may be thought of as resulting from an accidental 
ultramicroscopie encounter between a gene and some atom group, particle, or 
photon to which the gene happens, under the circumstances, to be vulnerable. 
It is probable that, on occasion, instead of the original or “mother-gene” becoming 


1 See footnote, p. 1069, 
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altered, the accident causes a misstep in the construction of the ‘‘daughter-gene,” 
but the effect is much the same as if the old gene had itselm mutated. In either 
case, point-mutational changes are permanent. This implies that the changed 
gene tends to be very stable, as the original gene was, and that in reproducing 
it continues to give rise to daughter genes like itself, that is, in this case, of the 
new type. Thus it “copies itself’ through an indefinite succession of genera- 
tions. 

The frequency of mutations in general is influenced, however, by many 
conditions. Thus, cells in certain developmental stages have mutations occur- 
ring more frequently in them, in other stages less frequently.“ There is some 
evidence that markedly detrimental disturbances in the cellular biochemistry, 
of whatever nature, tend to favor the occurrence of mutations, while the func- 
tioning of the cell within its normal range is associated with a low mutation 
frequency. Certain special substances, such as the mustard gas series, some 
organic peroxides and expoxides, and triazine are so conducive to mutation 
that they have been termed “mutagens.” ™ Some of them can in fact be used to 
induce mutations at about as high a frequency as with radiation. When the 
distribution of relative frequencies of the different types of mutations induced 
by one mutagenic agent is compared with that induced by another, or with that 
of spontaneous mutations, considerable differences are often found, even though 
most types of mutations produced by one agent are also produced to some extent 
by any other, and also arise spontaneously but at a lower rate.” 

The partial selectivity of action of mutagens does not give evidence of being 
of such a nature as to result in the mutations produced by a given agent, or 
under given conditions, being better adapted, as a group, for life in the presence 
of that agent, or under those conditions, than are the mutations which arise 
under other circumstances. That is, mutations arising independently of radia- 
tion like those produced by radiation are, so far as the organism is concerned, 
accidents, not adaptive responses. There is evidence indicating that the 
organism has, through a long period of evolution, been selected for the main- 
tenance of biochemical operations which give it as low a frequency of “natural” 
mutations as can practicably be attained just as it has been also selected to 
react in such ways as to minimize the occurrence of other accidents.” 

It is entirely in line with the accidental nature of natural mutations that 
extensive tests have agreed in showing the vast majority of them to be detri- 
mental to the organism in its job of surviving and reproducing, just as changes 
accidentally introduced into any artificial mechanism are predominantly harm- 
ful to its useful operation.“ According to the conception of evolution based on 
the studies of modern genetics, the whole organism has its basis in its genes. 
Of these there are thousands of different kinds, interacting with great nicety 
in the production and maintenance of the complicated organization of the given 
type of organism. Accordingly, by the mutation of one of these genes or another, 
in one way or another, any component strueture or function, and in many cases 
combinations of these components, may become diversely altered. Yet in all 
except very rare cases the change will be disadvantageous, involving an impair- 
ment of function. 

It is nevertheless to be inferred that all the superbly interadapted genes of 
any present-day organism arose through just this process of accidental natural 
mutation. This could take place only because of the Darwinian principle of 
natural selection, applying to the genes. That is, on the rare occasions when 
an accidental mutation did happen to effect an advantageous change, the result- 
ant individual, just because it was aided by that mutation, tended to multiply 
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more than the others. By the continuance and repetition of this process, the 
type that had been normal became supplanted by other types, that were at least 
better adapted for life in certain particular environments, in in certain ways. 
Thus, the mutant gene of the previous era became the normal gene of today, and 
the whole system of genes of the species tended to become even more differen- 
tiated and highly organized. Yet at each stage the great majority of new 
mutations, if examined before being put through the sieve of selection, must 
have been detrimental to life or to reproduction, as they are today in all species 
studied, no matter what the degree of advancement of the species. 

As important for the survival of a species as the differential. multiplication 
of the few better adapted mutants is the reduction in number and eventual 
dying out, in competition with the “normal” type, of the much more numerous 
mutants that are Jess fit than the normals. Since each generation supplies a 
fresh crop of these mutations, to be added to those inherited from earlier gen- 
erations, it is obvious that without this negative selection the system of genes 
would undergo continued decay. Thus after a time it would become completely 
heterogeneous, disorganized, and degenerate.” In the past, only natural selec- 
tion has saved it. This selection makes it practically inevitable that any detri- 
mental mutation, no matter how small its harmful effect, will in the long run 
become limited by tipping the seales against some descendant who carries it, 
causing his premature death or failure to reproduce. 

However, this dying out of the unfit mutants is in most cases rather long 
delayed. One reason for this delay is the fact that mutant genes are in the 
great majority of cases heterozygous, that is, present in individuals who have 
received the corresponding normal gene from their other parent, and that in 
such a situation the normal gene usually produces most of the effect. The 
normal gene is for this reason said to be ‘dominant,’ and the mutant gene 
“recessive,” even though the mutant is seldom completely without expression 
when heterozygous. 

Another reason for the delay in the dying out of mutant genes lies in the 
fact that even in those relatively rare individuals who are “homozygous” for a 
given mutant gene, by reason of having inherited that same gene from both 
parents, the amount of abnormality is often not very great. Hence, even in 
this situation the gene usually confers a much less than 100 percent risk of 
premature death, or of failure to reproduce. It may be noted in this connection 
that the idea that most mutations are monstrosities or freaks is a popular mis- 
conception. In fact, only a tiny minority of mutations cause very conspicuous 
visible abnormalities. 


CALCULATION OF NATURAL MUTATIONS PRESENT IN A POPULATION 


The total number of point mutations (or, more correctly, of point-mutant 
genetic conditions) present in any population at a given time is a product of 
two interacting numerical factors. The first factor, a, is the total number of 
new point mutations that arise in one generation. The second factor, }, to be 
multiplied by the first, is termed the persistence. It represents the total num- 
ber of individuals of successive generations by whom, on the average, any given 
mutation, present at first in one individual, comes to be inherited.* This same 
relation holds for mutations of any particular type as well as for the totality 
of mutations. 

Obviously b, the persistence, depends upon the ability of the individuals 
carrying the mutation to live and breed, as compared with normal individuals. 
If, for simplicity, we assume the whole population to be of stable size, then }, 
for the average mutation, or for any given type of mutation, is the reciprocal of 
c, the average chance that an individual who has inherited it will be killed pre- 
maturely, or will fail to reproduce, as a result of the one or more functional 
impairments occasioned in him by that mutation. In getting this average 
chance of elimination, c, we must estimate the relative frequencies of indi- 
viduals heterozygous and homozygous for the mutation, and multiply the chance 
of elimination of each of these types, taken separately, by its relative fre- 
quency. When this is done it is found that usually, despite the much smaller 


10 See footnote, p. 1071. 
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detrimental effect in the heterozygous individuals, their relatively large numbers 
cause most of the eliminations, and most of the total genetic damage to the 
population, to occur in this group. Thus, in most cases, the homozygous group 
can for practical purposes be ignored.” 

In order to apply this method of calculation to human populations we must 
first have estimates of a and Bb. At present such estimates are very indirect, 
and serve only to indicate a broad range, within which, somewhere, the actual 
value is probably located. The fruitfly Drosophila has thus far been the only 
organism in which anything like a direct approach has been made to an observed 
value for either a or 6b, and even here the results are subject to very large 
errors. In this material it can be estimated that, in a population of 100 million, 
a, the number of new mutations arising naturally per generation that becomes 
transmitted to the next generation, is on the average at least 8 million, and 
that b, the persistence or average number of individuals of successive genera- 
tions which finally come to inherit any given mutation, is considerably more 
than 20 and probably more than 40. This makes ab, the number of mutations 
carried by the population of a hundred million in any given generation, prob- 
ably more than 820 million, that is, probably more than three per individual. 

The estimate of a for Drosophila was obtained by first taking the observed 
frequency, 0.18 percent, with which “recessive” fully lethal mutations (those that 
invariably kill homozygous individuals) usually arise in the X chromosome per 
germ cell per generation when no mutagenic treatment is used.“ This figure 
was then multiplied by 6, the ratio of recessive lethals in all the chromosomes to 
those in the X chromosome. This figure had to be obtained from experiments 
in which radiation was applied to spermatozoa.” The product, 1.08 percent, 
representing all lethals, was in turn multiplied by 4, the ratio which all muta- 
tions detrimental enough to have been detected by a given technique were found 
to bear to fully lethal mutations. This figure 4 also was based on radiation 
mutations.“ Finally, the second product, 4.8 percent, was multiplied by 2, be- 
cause each individual results from 2 germ cells, and the resultant percent, 8.6, 
was multiplied by 100,000,000, the number assumed to exist in the population. 

That the application of the ratio 6, derived from radiation work, to natural 
mutations is legitimate has been shown by special tests. However, among nat- 
ural mutations as a group, the ratio of all mutations to lethals is probably a 
good deal higher than 4, the ratio found among mutations produced by ir- 
radiating spermatozoa. For the radiation mutations include a greater pro- 
portion of structural changes and these are more often lethal. This is one rea- 
son why the final figure for a is very conservative. The other reason is that the 
methods of detection used failed to find mutations that produced less than about 
10 percent risk of premature death, even if they caused considerable infertility, 
and such mutations may have been relatively numerous. 

The figure for 0 is based on tests, carried out independently by two groups 
of investigators, “ * to determine how much risk of premature death is conferred 
by a “recessive” lethal mutation when it is heterozygous. In both cases an aver- 
age figure of about 8 percent to 5 percent risk of death was obtained. This 
would result in only 1 heterozygous individual among some 25 being killed and 
would hence allow the average lethal a persistence of 25. That is, it would 
tend to be passed on to some 25 individuals, on the average, before it died out. 
Since, however, a considerable majority of mutations are not so detrimental as 
to be fully lethal when homozygous, and most of them are probably not even 
50 percent lethal when in that condition, the figure of 1 in 25 (4 percent) for 
the risk of death when heterozygous must be considerably higher than that 
holding for the average mutation, and the persistence, being the reciprocal of 
this, would be considerably higher than 25. That is why 40 was used as a better 
guess for b, but the observed distribution of mortalities indicates that even it 
is likely to be too low. 

Before we can convert our figure @ for newly arising mutations in Drosophila 
into a corresponding figure @ for man we must obtain some indication of the 
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ratio of mutation frequency in Drosophila to that in man. As yet the only line 
of approach to this problem lies in a comparison of the frequencies, in the two 
species, of natural mutations that produce certain specific effects, and that may 
be inferred to occur at given highly limited positions in the chromosomes. Al- 
though the evidence of this kind is meager and imperfect, there is enough of 
it to show that in Drosophila a mutation of any one specific type, located in a 
specific chromosomal position (so as to give rise to what is technically known 
as an “allele” or “pseudo-allele”’ of some preexisting mutation) arises, on the 
average, with a natural frequency of between 1 in 100,000 and 1 in 300,000 germ 
cells, the most likely figure being about 1 in 200,000.” In mice there is little 
published data of this kind as yet but it would indicate a figure in the range 
between 1 in 40,000 and 1 in 400,000 or, most likely, about 1 in 140,000.27 In 
man, an estimate of between 1 in 50,000 and 1 in 100,000 has been arrived at, 
on the basis of a much larger amount of data than in either mice or Drosophila, 
but the uncertainties of the methods used in man are much greater.” These 
apparent differences in mutation frequency between the three species may well 
correspond to the different numbers of cell divisions which take place in their 
respective reproductive cycles, since these numbers for flies, mice, and men are 
related about as 1: 1.5: 2. At any rate, it is likely that the average frequency 
of mutations of any specific type in man is higher than in Drosophila, probably 
from 2 to 4 times as high. To be conservative, we will adopt the lower figure, 2. 

It is, however, likely that the ratio of frequencies of specific mutations in 
man to those in the fly would not be nearly as high as the ratio of total mu- 
tation frequencies in man to those in the fly. For man, and mammals in gen- 
eral, give evidence of having a more complicated organization, all told, than 
the fly, especially when the complications of the nervous system are taken into 
account. Mammals may therefore be expected to have a more complex germ 
plasm than flies, one in which a larger number of different kinds of mutations 
of specific types can occur. This agrees with existence of a larger amount of 
the genetic substance, polymerized deoxyribonucleic acid, in mammalian than 
in fly chromosome sets. Therefore we are in all probability obtaining a low 
minimal figure for a in man if we multiply the Drosophila a by only two. 

For the value of 6 in man or other mammals there is as yet little basis for 
a decision. The existing indications point strongly to the conclusion that natural 
mutations in mammals in general, including man, are, as in Drosophila, pre- 
vailingly recessive, yet not completely so. Moreover, they certainly include a 
fairly abundant group of “recessive” lethals, but it is probable that mutations 
having a lesser degree of detriment are more frequent than lethals. At this 
preliminary stage of our knowledge of the subject, then, we have little ground 
for using a markedly different value of b for mammals than for Drosophila. 

The figure of about 6.5 is thereby arrived at as a minimal one for the content 
of recessive, definitely detrimental mutations (including lethals) per individual 
human being. In a preliminary calculation using related methods, the figure 8 
was arrived at.* These estimates, as recently shown by Slatis,” can be checked 
in a more direct way. The method consists in observations of the frequency 
with which homozygous individuals, showing the more definite abnormality often 
associated with a homozygous mutation, appear among the offspring of marriages 
between close relatives. Application of this technique has led Slatis, very 
tentatively as yet, to the figure 8 as the most probable present approximation 
to the number of natural mutations of the kind in question for which a person is, 
on the average, heterozygous. This method now needs to be applied on a much 
larger scale but the present result is enough to be reassuring, in indicating that 
our mode of calculation is giving figures of the right order of magnitude. 

It should be emphasized that in these calculations we are dealing only with 
these mutations which are detrimental enough to give a “sizable” risk of 
genetic extinction by way of premature death; that is, one as great as about 0.5 
percent in the case of the heterozygous individual, or 10 percent in the case of 
the homozygous one. We do not know how many mutations arise which are 
less harmful than this, or which cause extinction mainly by their interference 


16 See footnote, p. 10738. 

#® H. J. Muller, J. I. Valencia, and R. M. Valencia, Rec, Genet. Soc. Amer, 18: 105-063 
and Genetics 35 : 125-26 Bed 

21W. L. Russell, Cold Spring Harbor Ser uant. Biol. 16: 827-35 sal 

=.J,.B..8. Haldane, Proc. 8th Internat. Cong. Genet, (1948) ; Hereditas 85 (Suppl.)% 
266-78 (1949). J. V. Neel, and H. FB. Falls, Science 114; 419-22 ((1951). 

28H, M. Slatis, Amer. J. of Human Genet. 6: 412-18 (1954). 


1076 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


with reproduction, not with life itself. However, even if there are relatively 
few, those few which have an average grade of detriment within the same order 
of magnitude as the frequency of their origination by mutation, will accumulate 
so as to be inordinately numerous in the population. They will provide a very 
considerable proportion of the superficially observable genetic variability. More- 
over, the frequency of the different types of mutations of this group will differ 
greatly from region to region, in response to differences in the conditions of 
selection, as well as to random influences. 

Since the frequency with which mutant genes of any given degree of detri- 
mental effect exist in the population at any one time is the product ab, where b 
is inversely proportional to c, the degree of detrimental effect, it is evident that 
the existing mutant genes have a distribution, with respect to their harmfulness, 
very different from the distribution to be found on examining mutations as 
they arise. For, among the mutant genes as they exist in the population as 
compared with them at their origination, the less harmful ones are (in inverse 
proportion to their harmful effect) more numerous than the more harmful ones. 
For that very reason each slightly harmful mutation that arises tends to cause 
as much detriment to the population as a whole in the end as each drastically 
harmful or lethal mutation does, since it compensates for its relatively small 
degree of harm by afflicting correspondingly more individuals. In consequence, 
the total amount of genetic damage done to a population by mutations is much 
more closely proportionate to the total frequency of mutations arising per gen- 
eration (a/N, where N is the number of individuals in the population) than to 
the frequency of mutations existing in the population (ab/N).* If ais raised or 
lowered, however, it may take scores of generations before its changed value 
becomes proportionately reflected in the altered average fitness or mutational 
load of the population. A similar lag occurs if b is altered, as happens when 
the rigor of selection is increased or decreased. 


CHARACTERISTICS OF POINT MUTATIONS PRODUCED BY RADIATION 


In the plant material studied by Stadler,” evidence was obtained, based on the 
intensive study of a few types of mutations, that the great majority of apparent 
point mutations induced by radiation probably consisted of losses of a small 
section of a chromosome including more than one gene, unlike what was usually 
true of the natural mutations. In the animal material best studied with refer- 
ence to this question, that of Drosophila,” there is evidence that such “sectional 
deficiencies” do comprise a good deal larger proportion of the point mutations 
obtained by irradiation of the mature germ cells than of the point mutations 
arising naturally. However, the apparent point mutations produced by irradia- 
tion of immature germ cells of Drosophila do not include substantially more 
that on further analysis prove be be demonstrable “sectional deficiencies” than 
are found among the natural mutations. Moreover, the characteristics of the 
effects produced on the individual, both in Drosophila and mice,” also indicate 
that a large proportion of these radiation-mutations are as truly changes within 
the genes as are the mutations of natural origin. 

In general, then, in the animal material, the radiation-mutations strongly 
resemble the natural ones. Practically all types of natural point mutations that 
have been looked for in extensive irradiation experiments have been found to be 
produced by radiation also. Like natural mutations, of course, the great ma- 
jority, although not quite all, of those produced by radiation, are detrimental. 
Moreover, the great majority have far less dominance (i. e., less expression in 
the heterozygous individual) than the normal genes from which they arose. 
Once arisen, the radiation mutations, like the natural ones, are permanent, 
reproducing themselves as such.” 
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Just which mutation is produced by radiation on a given occasion is of course 
a matter of “accident,” as is true of natural mutations. However, the total 
frequency of the mutations produced by a given dose of radiation varies to some 
extent with the accompanying conditions, as in the case of natural mutations, 
although the conditions in question are to some extent different ones in the two 
eases. The conditions which influence the production of point mutations by 
radiation include genetic differences, differences in cell type or stage, differences 
in metabolic reactions, and (a category overlapping the previous cne) differences 
caused by the application of special chemical or physical treatments. 

For the most part, the same influences have been found to promote or hinder 
the action of radiation in causing point mutations as in causing structural 
changes of chromosomes. For example, chromosomes in condensed stages are 
more susceptible to the induction of changes of both types. Some findings of 
interesting differences in this respect have been reported, however. Among these 
are the observations that sperm cells of Drosophila several days prior to their 
release, and therefore perhaps in the spermatid stage, are much more susceptible 
than mature spermatozoa to the production of radiation of structural changes, 
but not of point mutations.” 

In accordance with the view, first proposed by Rapoport” on the basis of 
chemical work by Fricke," that the mutagenic action of radiation is exerted via 
the production of actively oxidizing radicals or molecules, it is found that 
radiation mutagenesis of both major types is positively correlated with the 
amount of free oxygen present at irradiation. Physical or chemical influences 
which appear directly or indirectly to increase or decrease the abundance of 
oxygen available for conversion into mutagenic radicals influence correspond- 
ingly the frequency of mutations produced. ‘There is, to be sure, evidence 
indicating that not all the mutagenic action of radiation takes the same path- 
way, and that some of it may be quite unconnected with oxidation. But, how- 
ever that may be, the above and other findings, by demonstrating the conditional 
nature of radiation mutagenesis, constitute a disproof of the target hypothesis 
of such mutagenesis, at least in the simplified form in which it had sometimes 
been applied.” Moreover, these findings are of considerable practical value in 
having led to the working out of treatments, described in other sections of this 
conference,” which give hope of affording significant protection against the 
mutagenie action of radiation. The fact that certain treatments, even when 
given after irradiation aid in such protection, is especially noteworthy, both 
from a theoretical and from a practical standpoint. 
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In material of varied kinds, but more especially in Drosophila, there is 
good evidence that over a considerable range of dose (in Drosophila, from 
some 50 r. to more than 1,000 r., a more than twentyfold range) the frequency 
of point mutations (like that of chromosome breaks) is directly proportional to 
dose.“ Moreover, they are independent of the timing of the dose, over an 
enormous range, provided cellular conditions are held constant.” Below 25 
to 50 r. the mutation frequency is so low that it has hitherto been impossible to 
obtain sufficient data, and above 1,000 or 2,000 r. the determination of frequency 
may be interfered with by a selective elimination (through chromosome abera- 
tions) of the cells that happened at irradiation to be in a more susceptible 
state. Sinee, however, in the work with low doses and low time-rates of 
delivery of gamma radiation the germ cells of some series were traversed by 
only one electron track in a period of a half hour or more, on the average, and 
still showed a frequency of mutations proportional to the total dose, there is 
reason to infer that no dose or intensity of such radiation is without its pro- 
portionate production of point mutations. Moreover, if this is true of gamma 
radiation it must be at least as true of radiation producing tracks more densely 
crowded with ionizations. 

Despite the equal mutagenic efficiency of different doses and dose rates of 
jonizing radiation, it is not necessary to infer that a point mutation or a break 
is ordinarily the consequence, direct or indirect, of a single activation or even 
of a single ionization. For all the ionizing radiation studied, has some of its 
ionizations produced in clusters of minute diameter. If two or more ions 
commonly cooperate mutagenically, however, it might be thought that this 
would become evident by causing the frequency of mutations to vary as the 
square or some higher power of the dose. Yet this would not be true if those 
ions had to be as near together as the ones in a natural cluster, for such 
close juxtaposition as this would not be brought about with appreciable fre- 
quency by raising the dose and the dose rate within toleration limits. 

That such cooperation in mutagenesis does occur is indicated by recent obser- 
vations to the effect that fast neutrons appear to be approximately twice as 
efficient as X or gamma rays in inducing point mutations in the chromosomes 
of Drosophila spermatozoa,” and are probably a good deal more efficient still, 
relative to X or gamma rays, in inducing chromosome breaks.” Presumably 
alpha rays likewise would be more efficient than X or gamma rays in these 
respects. One possible interpretation of this higher effectiveness of fast neu- 
trons would be provided, on the Watson-Crick hypothesis of the structure of the 
genetic material, by the doubleness of the fibers in which the rearrangements 
are produced, if we suppose that the occurrence of the mutation or break is 
much facilitated when both fibers are simultaneously affected. 

The effectiveness of fast neutrons in inducing point mutations is actually 
higher than it appears to be, because intensive studies of given cases of these 
seeming point mutations have shown that in fact a considerable proportion of 
them involve a double or multiple effect within a very localized chromosome 
region.”® This greater clustering of effects with neutrons than with X or 
gamma rays is to be expected, in view of the greater concentration of the ioni- 
zations in the tracks of the ionizing particles released by neutrons, provided 
that the mutational effects arise in close proximity with the activations that 
induce them. Since this clustering of effects causes many of them to be lost to 
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view by reason of their proximity to each other (except when special techniques 
of analysis are used), the mutagenic potentiality of the fast neutrons is corre- 
spondingly underrated in most experiments. So far as genetic damage to the 
population is concerned, however, a double or multiple effect of the given kind 
adds no more to the mutational load than does a single effect. Hence for 
present purposes fast neutrons may be regarded as no more than twice as 
effective as X or gamma rays in producing point mutations. 


ESTIMATION OF THE TOTAL POINT MUTATIONAL DAMAGE FROM A GIVEN AMOUNT OF 
RADIATION 


It has been noted that the important quantity in the determination of the 
total amount of genetic damage is not the amount of harm done to the indi- 
viduals who have inherited the mutations in question but only the total num- 
ber of these mutations. For a mutation doing less harm to an individual will, 
as if in compensation, be passed down to a correspondingly larger number of 
descendant individuals. It has also been noted that an approach to a direct 
estimation of the total number of mutations arising has thus far been made 
only in Drosophila, and that this calculation has involved the use of data from 
radiation experiments. This work can therefore be applied to the estimation 
of the total damage arising from a given dose. 

The principles have already been explained whereby a minimum value for 
the total number of mutations is obtained by getting the number of lethals in 
the X chromosome and then multiplying this by 6, to get the number of lethals 
in all the chromosomes, and again by 4, to get the total number of mutations 
causing at least 10 percent detriment to life, when homozygous. (A correction 
is made in this calculation, based on certain tests, in order to estimate the 
number of point mutations without including the structural changes.) When 
this calculation is carried out, using the results obtained at any given dose, the 
resulting number can then be expressed in terms of the total number of point 
mutations produced by a single r. unit, by using the principle of proportionality 
of point-mutation frequency to dose. It is then found that this number turns 
out to be about 1 mutation among 2,000 germ cells per r. (that is 5X10“/r.) for 
X or gamma rays applied in the usual way to mature spermatozoa.* The more 
important figure, representing the result of irradiation of the more prevalent 
Stages (gonia) of immature germs cells of adult Drosophila, is only a fourth to 
a half of this, according to the conditions. It is probable that there are even 
lower values for certain other immature stages of Drosophila germ cells, as for 
instance those in the embryonic polar cap.” 





In order to obtain a figure for the total number of mutations produced by a 
given dose in mammalian material we may follow the procedure which we 


“HH, J. Muller, “Radiation Damage to the Genetic Material,” Science in Progress, Yale 
University Press, New Haven, pp. 98-165, 481-98 (1951). H. J. Muller, “The Nature of 
the Genetic pects aig gM by eae eee yy y (edited by A. Hollaender), 
McGraw-Hill Co., New York, Vol. I, Chap. 7, pp. - “ 

427, I, Berman, Izvest, Akad. Nauk, gS8R, pp. 65-78 (1939). Helen U. Meyer, 
unpublished data, 


1080 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


adopted in the calculation of natural mutations. This involved a comparison 
of the mutation frequencies involving particular types of mutations, located in 
given positions on the chromosomes, in Drosophila and in mammals, and then 
applying the ratio thus found to the figure for total mutation frequency in 
Drosophila so as to convert it into the presumed corresponding value (a minimal 
one) for mammals. 

Fortunately, there is available for this comparison a much more reliable body 
of data, for both groups of organisms, than that which we had recourse to in 
the case of natural mutations. The average frequency of point mutations of the 
kind in question in Drosophila, based on a study of 10 types (loci), was found 
to be about 1.4X10°*/r. for any given type, when the radiation was applied to 
inactive immature germ cells (odgonia).“ The different types seldom varied 
from one another in frequency by a factor of more than 2 in material abundant 
enough for judging this matter (that in which spermatozoa had been ir- 
radiated. 

In the mammalian material, comprising irradiated spermatogonia of mice, 
Russell” has reported an average mutation frequency of about 25X10°/r., based 
upon 7 specific types of mutations (loci). Here the range of variation between 
the different types was greater than in the above Drosophila material, but their 
mean agreed well with their mode, and 4 of the 7 types conformed fairly closely 
with this mean. It is clear on comparison of the two sets of results that the 
susceptibility of the mammalian material is at least an order of magnitude 
higher than that of the flies, the observed factorial difference in results being 18. 
To obtain a minimum estimate of the total frequency of mutation in the mice 
we must therefore multiply by 18 the figure arrived at for gonial cells of flies. 
(It is of no consequence that in the flies odgonia were studied and in the mice 
spermatogonia, since special comparisons“ have shown these two cell types to 
be alike in mutagenic susceptibility as they are expected to be.) Since the 
figure for the gonia of flies had a lower limiting value of 1.25X10“/r. the mini- 
mum value for mice becomes 2.25X10°/r. This is the frequency for a germ 
cell, not for an offspring derived from two such germ cells; for the offspring it 
would be 4.510°°/r. 

In performing this calculation we are, as in the case of the natural mutations, 
assuming that the hereditary material of mammals is no more compound than 
that of flies; i. e., that there is not a greater number of different specific types 
of mutations in mammals than in flies, despite their seemingly more complicated 
organisms and their larger amount of deoyribonucleic acid. The total fre- 
quency of mutations per r. may be a good deal higher than here calculated not 
only because of the inadequacy of this assumption but also. because weakly 
detrimental mutations and those mainly affecting fertility rather than individual 
survival have not been included. Moreover, only the lower limiting value for 
the somewhat variable mutation frequency of fly odgonia was used. All this 
emphasizes the fact that our estimate is decidedly on the “conservative” side. 

At the same time, it is true that the value is one for mice, not human beings. 
All that can be said to this is that, so long as we lack data on an organism still 
closer to man, it is necessary, provisionally, to base our judgments on this 
result, and that, since mice are so much closer to men than flies are in almost 
every other important respect, it would be strange if they were not closer in 
their mutagenic properties as well. Moreover, the factors which might be 
expected to cause a significant difference in the natural mutation frequencies 
of mice and men—their great discrepancies in length of life, size, and number of 
cell generations in the reproductive cycle—would not be expected to exert sig- 
nificant influences on the frequency with which mutations are produced in them 
by radiation. 

The minimum figure of 4.5<10°/r. point mutations for the offspring of parents 
both of whom were exposed can be expressed in the form: “at least 1 induced 
point mutation per offspring, on the average, for each 220 r. of exposure to both 
parents. From this it is evident that many of the children who were conceived 
by Hiroshima survivors at any time after their exposure must have contained 
one or more mutations induced by the radiation. Similarly, children conceived 
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by parents both of whom have been exposed to the so-called “permissible dose” 
of 0.3 r. per week (15 r. per year) for as long as 15 years would on the average 
contain at least 1 induced mutation. It is probable that the same is also true ef 
the children of many radiologists, dermatologists, and dentists.* 

The recent study of Macht and Lawrence,“ gives direct evidence of genetic 
damage in such cases and is in this respect superior to the studies made in 
Japan. Moreover, studies of Moeller et al.“ show that the population in general 
is already receiving significant amounts of radiation from medical diagnoses. 
Sonnenblick “ finds that exposures of this kind are seldom adequately controlled. 

When it is considered that practically every mutation must eventually be- 
come eliminated from the population, after having—even if imperceptibly— 
hampered enough descendants so as finally to be a deciding cause, in the last 
of the line, of his premature death or failure to reproduce, then it becomes evi- 
dent that practically every mutation represents a postponed disaster. Thus the 
genetic damage, that to later generations, caused by a given total dose is seen 
to be far greater than the damage to the exposed individual himself. In view of 
this, measures and regulations concerned with radiation protection should be 
based, at least in the case of persons who may later reproduce, primarily on the 
risk of genetic damage or, more specifically, of point mutations in their germ 
cells, rather than on the risk of damage to their own bodies. This would cause 
Such measures and regulations to be far more stringent than they are at 
present.® 


THE INDUCED MUTATIONS IN RELATION TO THE NATURAL LOAD 


On our conservative estimate of 16 million natural mutations arising per gen- 
eration in a population of 100 million, a frequency of 0.16, it would take only 
about 37 roentgens of gamma radiation delivered to the population to produce a 
quantity of new mutations equal to the new natural ones, and thus to double 
the mutation frequency. Our conservative estimate, however, was based on the 
assumption of only 1X10 as the average freqeuncy of a mutation of some spe- 
cific type, involving a given chromosomal position. According to this assumption 
the actual data, which indicate about 210° as the frequency of mutations of a 
specific type, are misleadingly high, because of certain sources of technical error. 
Since, however, this is a matter by no means proved as yet it remains quite pos- 
sible that the amount of radiation necessary to double the mutation frequency is 
75 roentgens or higher. This is approximately the value that we used in our 
earlier treatments of the subject,” in which it was assumed that the observed 
2X10“ frequency for mutations of a specific type was approximately correct. 
These considerations illustrate the considerable margins of error in any present 
quantitative treatments, and the need for greater exactitude of knowledge.” 

The present uncertainty regarding the natural mutation frequency carries 
with it a corresponding uncertainty regarding what proportion of the natural 
mutations in man are contributed by natural radiation. There is also uncertainty 
regarding this question based on variation in the amount of natural radiation. 
If we suppose that in some typical regions as much as 6 roentgens are accumu- 
lated, on the average, in the span of one human reproductive generation (25 to 
80 years), then, on the more conservative estimate that the natural mutation 
frequency is equal to what would be induced by 37 roentgens, it turns out that 
some 16 percent of the natural mutations in man are produced by natural radia- 
tion. On the higher estimate for natural mutations, some 8 percent of them 
would be radiation-induced. In either case, the figure must be far higher than 
for short-lived organisms, such as mice or flies. On the other hand, in some 
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human populations living at a high altitude, with its greater cosmic ray inten- 
sity, the contribution of radiation to the natural mutation rate must be twice 
as high as here estimated. Still higher values must obtain for some populations 
living in regions where radioactive minerals are abundant. 

Many persons unfamiliar with genetics have regarded the seeming normality 
of the children born to survivors of the Hiroshima and Nagasaki bombings as 
evidence against the conclusion that the amount of radiation there received 
produced a significant amount of genetic damage. This misunderstanding arises 
from their lack of realization of the following points. 

1. Few mutations are sufficiently dominant to give readily perceptible effects 
when inherited from only one parent, as they are in the vast majority of cases. 

2. Even though these effects are not perceptible they are nearly always suf- 
ficient to hamper the individual somewhat, and finally, usually in a very distant 
descendant, to cause the extinction of that line of descent. 

3. In any heterogenously breeding population, such as is found anywhere 
outside of the geneticists’ fields and laboratories, there is already so much 
natural genetic variation, representing an accumulation of many generations 
of natural mutations, that the additional mutations caused by the radiation 
would become lost to view among them even if they were as abundant as those 
that would arise naturally in the course of a number of generations. Thus, 
the genetically damaged population will eventually have to pay the costs, but 
these will be spread out over so many small installments, and so intermingled 
with the greater weight of other payments, as hardly to be recognizable. All 
this was of course well known to geneticists before the observations on the 
children at Hiroshima and Nagasaki were conducted, and led them to express 
serious doubts that any genetic effects would be demonstrable there, even though 
they had no doubts that they had actually been produced.* 

These points may be better appreciated if it is realized that in Drosophila 
also. it had not been possible to demonstrate the mutagenic action of radiation 
by mere inspection of the individuals of the first, second, or third generations 
after exposure. Exact genetic methods had first to be worked out” and these 
are of course unavailable in man. Even following an exposure of fly spermatozoa 
to some 5,000 roentgens, which we today know causes each offspring, on the 
average, to receive at least three induced mutations, hardly one abnormal off- 
spring is usually to be found among 100 examined, yet the damage is there, and 
it will be exerted if the population is allowed to continue. 

At the same time, it is true, unlike what many nongeneticists suppose, that 
the effects of the genetic damage are more strongly exerted in the first generation 
of offspring than in any subsequent generation. They very gradually subside, 
in the course of many generations, as the population is purged by the dying 
out of the unfit. Even the recessive effects, those present in individuals homo- 
zygous for the given mutations, are found most frequently in the first generation, 
and then less and less frequently if the population breeds naturally rather than 
being subjected to a geneticist’s controlled inbreeding manipulations. Moreover, 
there is a much higher chance that a given induced mutation will become 
homozygous by meeting, at fertilization, a gene of the same type derived from 
the great accumulated store of natural mutations, than one of that type which, 
like itself, had been induced by the radiation. 

Since the worst effects are already exerted in Fi, what the Hiroshima observa- 
tions do demonstrate clearly is that the genetic damage to posterity caused by 
exposure to between one hundred and several hundred roentgens is not con- 
epicuously detrimental, and is well within limits consistent with the survival 
and self-perpetuation of the population. This might have been reckoned as 
probable without the direct evidence. For, according to the conclusion that the 
average individual is already heterozygous for some 6, 8, or even more mutations 
which when homozygous would be fairly conspicuous and/or detrimental, it does 
not seem likely that the addition in heterozygous condition of just one more, 
induced by some 200 roentgens, would result in any very evident change in the 
picture. This remains true even when we take into consideration the fact that 
the already existing mutations have already passed, to varying extents, through 
the sieve of selection and are therefore not, on the average, as detrimental as 
the newly induced ones. 

The apparent contradiction between the fact that a really serious amount of 
genetic damage was produced and the fact that none is evident even in the most 
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afflicted generation (the first), is reconciled by the manner in which the damage 
is spread out, thinner and thinner, over a great number of generations. There 
is a kind of buffering or dilution of the damaging effects, by the normal genes 
that dominate over them and thus delay their elimination. Thus the effects 
are spread out in time, in inverse proportion to their dilution in any one genera- 
tion, but the total damage remains just as great as if concentrated. Moreover, 
even though the induced mutations may be many times the number that would 
arise naturally in one one generation, they are nevertheless few in relation to 
the accumulated natural “load.” Hence they can raise by only a rather small 
percent the number of genetic shortcomings already present in the population. 

Despite these buffering influences, it would be impossible for a population to 
tolerate, generation after generation, an exposure which, given to only one gen- 
eration, would cause no perceptible deterioration. Gradually, as elimination 
rose enough to balance the new mutations, an equilibrium level of accumulation 
would be approached, and at this new level the then existing accumulated load 
would be as many times greater than the original accumulated load as the then 
existing mutation rate was greater than the original mutation rate. Thus, if 
37 roentgens doubles the mutation rate, a population which had received this 
dose for many generations would at last have twice as many ills of genetic origin 
as we have. Yet we already have more than enough for comfort. 

Not to be neglected in the picture is the other end of the balance mechanism; 
the rate at which elimination of mutations goes on. Under modern civilization 
we interfere so much with this that we are probably raising the load of accumu- 
lated mutations as fast as by applying some tens of roentgens to everyone’s repro- 
ductive organs.” Under these circumstances the raising of mutation frequency at 
the same time, by exposure to radiation, might tend to bring us to a genetic 
Situation that it would be difficult to cope with. 

All these questions need to be not only discussed but actually investigated far 
more realistically than they have been in the past. Otherwise we may at last 
find. ourselves, genetically, facing a parallel to already accomplished deforesta- 
tion and erosion, on an even grander scale. This problem is not only one that is 
concerned with the possible aftermaths of atomic war. It must be faced equally 
by the proponents of peace if we are to have an atomic age, with its risks of pro- 
longed “permissible” exposures arising from industrial uses and radioactive 
waste products. 

For peace will, we hope, go on and on through a great series of generations. 
Under these circumstances, it will be the more necessary to control and limit 
the radiation received by the population at large in every generation. For, given 
enough generations, the equilibrium level of damage will be reached, at which 
that damage will no longer be buffered, but will accurately correspond with the 
existing mutation frequency. Then, a relatively small number of roentgens per 
generation will exert an inordinately larger effect than it seems to now. At our 
present juncture, before that process has more than begun, far-seeing policies 
should be established. These must guard us against the dangerous fallacy that 
what cannot be seen or felt need not be bothered with. 

This subject of protection of human beings against the genetic damage pro- 
duced by radiation must, until suitable policies are established, far overshadow 
in its importance that of the utilization of radiation in the genetic improvement, 
for human purposes, of organisms potentially useful to man, or in the elimination 
or reduction of noxious organisms. However, these constructive uses of radia- 
tion in biological engineering will come increasingly to the fore as the more 
menacing aspects of radiation are brought under control. There is already 
abundant evidence of the possibility of such beneficial applications on a con- 
siderable scale.“ ” 

At the same time, the dangerous mistake should not be made of considering 
man as a species who would himself undergo a long-term benefit from the applica- 
tion of radiation to his germ plasm. His own reproductive material is his most 
invaluable, irretrievable possession. It is already subject to an amount of varia- 
tion which, in relation to his present reproductive practices, borders on the ex- 
cessive. Under these circumstances, man’s first concern in dealing with radiation 
must be his own protection. 
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Representative Hortrietp. Are there any questions by members? 

Representative Van Zanpr. Dr. Muller, in regard to Russia, can 
you estimate the number of years it will take Russia to catch up with 
our progress in this field of radiation ? 

Dr. Mutunr. I believe it will probably take them along time. One 
would have to assess political factors there which are essentially un- 
predictable. Personalities play such a large role there, much larger 
than here, despite their theory of economic determination. Anyway, 
my estimate would be 10 or 15 years. 

Representative Houirieip. Thank you very much, Dr. Muller. Mr. 
Hollister wishes to ask you some questions. 

Mr. Hoxtisrer. Dr. Muller, I understand that you are familiar with 
the work of the Atomic Bomb Casualty Commission, and I wonder if 
you would comment on it and on the quality of and the conclusions 
from the data. 

Dr. Mutter. I think it was evident to geneticists from the begin- 
ning that it was very doubtful whether any positive or essentially 
negative evidence could be obtained from a study of that kind, be- 
cause human populations are so variable and it is so next to impossible 
te obtain two groups to compare, one irradiated and the other not 
which are essentially similar in other respects. In view of that, I 
think that the present lack of results is not surprising even to most 
of those who took part in the investigation. I do not think they are 
to be blamed for it. There was some slight chance—because of the 
uncertainty of the estimates of the human mutation rate—that if the 
induced mutation rate was exceptionally high then some evidence of 
it could be obtained. 

I think that it is very unfortunate to cite the lack of results from 
the study as indicating that there is no effect. I think that those 
reporting on the matter for the AEC in a December 1956 publication 
that I recently saw were quite right in saying that the data obtained 
there are not at all out of line with the expectation based on results 
with mice, that is, the frequency of induced mutations could well 
have been just as high among the human beings for the dose received 
as it would have been for mice, which is a matter we know a lot more 
about through Dr. Russell’s experiments, We can go a little further 
than that and say that it could not have been a great many times 
higher than it is in mice, otherwise there would have been demon- 
strable results. 

; Be we need not feel at all secure or relieved that no effects were 
ound. 

I remember that in a meeting of a committee called to decide 
whether these studies should continue one of the persons on the com- 
mittee said, after I had remarked that I thought no effects would be 
found and that that would not prove anything, “That will be a very 
good thing because it will tend to allay the public fear on the matter.” 

Chairman Duruam. Did you participate in writing the report? 

Dr. Mutter. No; I did not. I may say this: I do disagree with a 
lot of the discussion in the last chapter where exception is taken to 
drawing conclusions from the results obtained in lower organisms. 
Certain criticisms are leveled against the work on flies and mice, for 
example, that I think are demonstrably unjustified and have a mis- 
taken position. But that is not the major part of the work. When it 
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comes to the work on humans, I think that was done as well as could 
be expected under the very difficult circumstances. 

Representative Horirrecp. Are there any further questions? 

Representative Van Zanpr. Dr. Muller, in the December 3, 1956, 
issue of the Federation of American Scientists you are quoted as say- 
ing this: 

It is reckless to increase the risk of war by continuing H-bomb tests. It is 
not the fallout from these tests that is at issue at this time but the war feeling. 
The first step for peace open to us is a discontinuance of tests by both sides. 
If breached by either side it can be detected by the other. 

Will you comment on that statement ? 

Dr. Mutter. I was not speaking there primarily as a geneticist, but 
I think physicists are pretty generally agreed that the setting off of a 
test in the megaton range can be detected with certainty by the other 
side. So that a breach would be known and in that sense we already 
have 100-percent-effective inspection for tests of that xind. 

Therefore, it is in that sense safe if both sides agree to discontinue 
the tests for them to act upon that agreement, since as soon as one 
side breaks it, the other side will know it. 

Senator Anperson. As a matter of fact, Doctor, the first times that 
we detected tests we detected them with instruments that are primi- 
tive compared to what we now have; is that not true? 

Dr. Mutter. And we detected ordinary atomic bomb tests of the 
other side. 

Senator Anprrson. So that a megaton test. would be easily detect- 
able, and there is no possibility of deception. 

Dr. Mutter. Yes. 

Representative Honirmxp. Thank you very much. 

The next witness is Dr. W. L. Russell. 

Dr. Russell comes from Oak Ridge, and has done important work 
at the Laboratory. We are glad to have you here and to have your 
statement. 


STATEMENT OF DR. W. L. RUSSELL, OAK RIDGE NATIONAL 
LABORATORY ° 


Dr. Russeru. Mr. Chairman, members, the testimony to be given 
here is presented in response to one of the requests by this committee 
for scientific results on the biological effects of radiation caused by 
events other than fallout. Assuming the present estimates of radia- 
tion from fallout to be approximately correct, it would in fact be 
virtually impossible at the present time to measure the genetic effects 
of fallout in mammals. In estimating the genetic hazards of fallout, 
we are, therefore, forced into using the information obtained from 
experiments, such as those to be described, in which much higher 
levels of radiation were used. 
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The results described here were obtained from a series of experi- 
ments conducted in the Mammalian Genetics and Development Sec- 
tion of the Biology Division of the Oak Ridge National Laboratory. 
This program was started in 1947, the year the Atomic Energy Com- 
mission was founded. The preliminary work involved the construc- 
tion of animal rooms and laboratories, the development and building 
up of special stocks of mice necessary for the experiments, and cer- 
tain pilot experiments, including studies on the effects of radiation 
on fertility. The major experiments were started in 1949. 

I was very happy that Dr. Sturtevant said what he did this morn- 
ing about the lack of suppression of information and the desire to do 
good work in the national laboratories. I heartily concur, but such 
a statement comes more forcefully from a person outside the AEC, 
and one of Dr. Sturtevant’s standing. I will say no more on this, 
other than that neither I nor any of my colleagues would attempt to 
do scientific work under conditions that were not free. 

I think I might also add, and it would be ungrateful of me if I 
did not, that in addition to working under free conditions and not 
having our information suppressed, we have received personal en- 
couragement, especially from the Division of Biology and Medicine 
of the AEC, including its Directors, from Dr. Warren, the first 
one, to the present one, Dr. Dunham. 

Before the results of these experiments with mice were obtained, 
estimates of genetic hazards of radiation in man were based pri- 
marily on data from experiments with the fruitfly, Drosophila. 
Some information on the genetic effects of radiation in mammals was 
available, but most of this dealt with major chromosomal aberrations 
which are probably not an important hazard in human exposures. 
There was virtually no information on radiation-induced gene muta- 
tion rates in any mammal. The information now available from our 
experiments has therefore played a basic role in the new estimates of 
genetic radiation hazards made and published last year by the Na- 
tional Academy of Sciences committee in the United States and by 
the Medical Research Council committee in Great Britain: The 
United Nations Scientific Committee has also used this information. 

In response to the request by this committee, I should like to pre- 
sent here a simplified up-to-date summary of our results, emphasizing 
the aspects which are useful in estimating human hazards. More de- 
tailed technical accounts have been submitted for the record to sup- 
plement this oral presentation. Again it must be kept in mind that 
these data were not obtained from fallout radiation. However, they 
can be used to estimate the genetic hazard from fallout, provided the 
radiation dose to the gonads is known. I shall describe two types 
of experiment. One of these measures the rates at which genes 
mutate by studying the effect of radiation on a particular selected 
sample of genes. The other measures damage in a population as a 
result of the total amount of mutation induced. 

Most of our work up until recent times has been concerned with 
the former method, and so I shall describe the results obtained by it 
in more detail. The measurement of gene mutation rates is important, 
both for absolute and for comparative purposes. The particular 
method that we have used was chosen in the hope that it would be a 
fine-edged tool for making comparisons. One of these that was ob- 
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viously badly needed was a comparison of the mutation rates in any 
mammal with those in Drosophila. The mutation rate method chosen 
by us seemed likely to be the one which would give the most meaning- 
ful information on such a species comparison. Our present informa- 
tion on this point indicates that mouse sanes are on the average ap- 

roximately 15 times as sensitive to radiation as Drosophila genes. 
The earlier estimates of genetic hazards in man based on results in 
Drosophila have, therefore, been revised. 

Another question on which information was badly needed was 
whether or not there is any recovery from genetic damage with time 
after irradiation. Some geneticists believed that there would be no 
such recovery. Others thought that some recovery might occur. 
Critical evidence on this point had not been obtained. Most of the 
information along these lines came from experiments with Drosophila 
sperm, whereas the evidence needed was for immature sex cells. Let 
me elaborate for a moment on the importance of the cell stage, i. e., 
immature versus mature germ cells, before we continue with the ques- 
tion of recovery. | 

In the testis, the immature germ cells—called spermatogonia— 
persist throughout life. Cells are constantly budded off from them 
and, after further multiplication, develop into the mature sperm 
cells. The time required for the development of a mature sperm 
from an immature spermatogonium is only a few weeks. When we 
are exposed to continuous or intermittent radiation, the dose received 
by a cell up to and including the spermatogonium stage is the total 
dose received over the whole period from conception of the individual 
BP, to the time when the spermatogonium starts its final development. 
This is obviously going to be much greater than the dose received 
during the few weeks ne its final development into a sperm cell. Even 
with acute radiation received as a single dose, the chance of a fertile 
mating occurring within a few weeks after exposure is small com- 
pared with fertile matings that will occur at later intervals. Thus 
again it is usually the dose received by the immature cells which will 
count. ‘Therefore, the problem of genetic hazard of radiation in man 
relates primarily to the immature germ cells. It is on these cells that 
our studies of induced mutations in mice have been conducted. This 
has many important implications, one of which is on the question of 
recovery, to which we can now return. 

How eet the question of cell stage affect recovery following 
irradiation? It is possible to imagine that an immature germ cell 
in which a mutation has been induced might multiply at a slower rate 
than a normal cell. This is one example of a possible mechanism by 
which some recovery from genetic damage might occur. It is obvi- 
ous that experimental data from mature germ cells in Drosophila 
could not answer such a problem. Considering the possibility that 
I have just mentioned, along with others, it was clear to us that the 
question of recovery with time had to be investigated for immature 
germ cells. It also seemed important that the problem be examined 
In an organism with a generation time much longer than that of the 
fruitfly, which is only 10 days, and in mammalian gonads, which are 

uite different in their makeup and function from those of insects. 
aving now obtained this information, we find that in spite of tha 
possible mechanisms by which recovery might have occurred, there 
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is in fact no evidence of any significant recovery with time after irra- 
diation. The offspring of a mating made a long time after irradia- 
tion is just as likely to contain a gene mutation as is the offspring of 
a mating made shortly after irradiation. I might interject here that 
I am talking only about irradiated spermatogonia. If we included 
the sperm, there would be some recovery within a short time after 
radiation. In human hazards, however, we are concerned, as I have 
already explained, primarily with the immature germ cells. Thus 
it would appear that it is the cumulative dose which is important 
and this principle is now established for the immature germ cells o 

amammal, I have dwelt on this point at some length because I have 
found it to be one that is often raised in discussion. We are so used 
to the body being able to recover from various types of damage that 
it is quite reasonable to require rigorous proof that this does not occur 
with genetic damage. 

Another problem that was investigated by our method for meas- 
uring gene mutation rates is the relation between mutation rate and 
dose. On the basis of experiments with other organisms, a linear 
relation was expected. In other words, it was expected that muta- 
tion rate would be directly proportional to dose, that, for example, 
doubling the dose would double the mutation rate. | 

Dr. Chow this morning assumed this principle and stated that he 
was basing his assumption on Drosophila. ‘Therefore, I think it 
appropriate to state what information we have in this respect in the 
mouse. 

Our first data came from males exposed to 600 roentgens. As the 
data started to come in from males exposed to 1,000 roentgens it 
became clear that the mutation rate was significantly lower than ex- 
pected on the basis of the 600 roentgen results. It seemed likely 
that this result, which was unexpected on the basis of Drosophila 
results obtained up to that time, might be due to the fact, already 
emphasized, that we were dealing with immature germ cells (sper- 
matogonia) in the mice, whereas Drosophila results had been ob- 
tained from mature germ cells. If, for example, there were differ- 
ences in sensitivity to mutation induction correlated with sensitivity 
to killing of the cells, then at the higher doses the mutation rate 
observed might represent only the mutation rate for the surviving 
and more resistant cells. Careful studies in our laboratory by Dr. 
Oakberg on the amount of killing of spermatogonia with various 
doses of radiation support this en tad 

Whatever the explanation might be, it was clear that it was impor- 
tant to obtain data on mutation rates at doses lower than 600 roent- 

ens. Since the relation between mutation rate and dose has been 

ound not to be directly proportional above 600 roentgens, it was pos- 
sible that it would also not be proportional below 600 roentgens. We 
have therefore begun experiements at lower doses. The data so far 
obtained from a 300-roentgen experiment show no significant de- 
partures from proportionality a thea 600-roentgen results. More 
data are, however, needed. 

Representative Hoxirieip. At that point, Dr. Russell, could you tell 
this committee how near you think the experiments on mice would 
correspond to the radiation of human beings? You have made the 
statement that the mouse is 15 times more sensitive than the fruitfly. 
Can you give us a comparison between the mice and the human being? 
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Dr. Russett. I have prepared a short statement involving the whole 
problem of extrapolating. 

Representative Horirievp. Is that contained in the statement ? 

Dr. Russeiy. It is not in the typed copy you have, but I shall be 
glad to read it. | 

siepEeeresaye HoutrievD. Or could you give me a summary right 
now 

Dr. Russexz. I believe a summary is the best we can do at the pres- 
ent time. I might explain a little more about this dose relation, if I 
may, on the board. 

f we put the 600-roentgen mutation rate at this point here, the 
1,000-roentgen result instead of being up here, as expected from the 
linear relation found in Drosophila, turned out to be down here [ point- 
ing on blackboard ]. 

epresentative Corr. Doctor, would you go back to the microphone 
and repeat what you said, because I do not understand it. 

Dr. Russevzt. The first result we got was with the 600-roentgen 
experiment and is shown here. The points immediately above and 
below it that I have connected with the line represent the 95-percent 
confidence interval for this result, that it, with 95 percent probability 
the true value should lie within that range. The 1,000-roentgen result 
was expected, from the linearity found in Drosophila experiments, to 
be correspondingly higher than the 600-roentgen, but actually came 
out lower. In other words, the relation is not linear. This raises 
the question of why there is linearity in Drosophila and not in the 
mouse. 

As I have said, we felt that perhaps this lack of linearity in the 
mouse was due to the killing of the spermatogonial cells themselves 
and that at the higher dose the result represents the mutation rate of 
more resistant cells which were not killed. At the lower dose you get 
e Patan rate for more sensitive cells, some of which have not been 

illed. 

The question arises what is the curve going to do below 600 roent- 
gens? You can no longer predict that it will be linear between 600 
roentgens and zero. There is now some likelihood that it will be 
higher than expected on a linear basis. Up to this time in the hearings 
we have had a good deal of discussion of whether the mutation rate is 
linear and if whether some somatic effects are linear or whether they 
go up this way, that is, concave upward. These mouse mutation re- 
sults represent something going this way, that is, convex upward. In 
other words, the effect at lower doses might be higher than expected 
on a linear basis. It was obviously important to obtain data at the 
lower doses. The 800-roentgen result looks like this, At the present 
time it falls close to the straight line drawn between the results for the 
600 roentgens and the zero doses, but as I say, I think we need more 
data on this point. 

Representative Horirizip. This would indicate, then, if this theory 
becomes established, that the lower dose rates would cause more muta- 
tions in the germ cells than the higher rate. 

Dr. Russetu. This is a possibility raised by this departure from 
linearity at high doses. 

ope ee Houirmerp. That is because the higher dose kills 
the cell, 
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Dr. Russeru. That is right. The amount of killing of cells is quite 
high so it is still possible to get some departure from linearity at lower 
doses. So we feel that this point needs further experimentation. 

Representative Hortrrmetp. But you are not yet ready to set the 
rate? 

Dr. Russreti. Three hundred roentgens was the first attempt to 
provide some information between 600 roentgens and zero. As we go 
down in the dose, it is much harder to obtain the data because fewer 
mutations are obtained. 

Chairman DurHam. Are you using only flies? 

Dr. Russetu. This is all on mice. 

I might also interject at this point another comment. A good deal 
has been said about there being no Drosophila data on mutation rates 
below 25 roentgens and about there being no mouse data below 300 
roentgens. Yet, again referring to Dr. Oakberg’s work in our labora- 
tory, he can see and actually measure the killing of spermatogonial 
cells with doses as low as 2 or 3 roentgens, and even with 1 rep of neu- 
trons. A dose of 22 roentgens kills half of the sensitive spermato- 
gonia. So it seems to me that if we can actually see cells that have 
been killed by doses as low as 2 or 3 roentgens, and can put this on a — 
quantitative basis, if cells are actually killed at these dose levels, 
there is no question in my mind that there will be genetic effects from 
doses as low as this. 7 

Representative Hotirtetp. This has a tremendous impact on the 
theory of threshold, does it not? 

Dr. Russetu. It certainly helps to answer the question of threshold 
for genetic effects. Of course, the question of threshold for some 
somatic effects is not answered by this, because killed cells might be 
replaced by normal cells. So it does not conclusively prove anything 
about the question of a threshold for somatic effects. I think it sup- 
ports the already quite well established point of there being no thresh- 
old for genetic effects, because here is direct experimental evidence on 
mammals that cells can be killed measurably by doses as low as 2 or 8 
roentgens. 

Representative Horirmip. You have been able to observe those? 

Dr. Russetu. The killed ones can be observed, yes. 

Another comparative study that can be made with the gene muta- 
tion rate method used by us is on the variation in mutation rates of 
different genes. Extensive information on seven different genes in 
the mouse shows a wide range in their mutation rates. The difference 
between the lowest and the highest rates is more than thirtyfold. This 
finding is of interest in many respects. For example, it raises the 
possibility that the so-called rate-doubling dose, the dose required to 
double the spontaneous rate, might be quite different for different 

enes. 

The results from our gene mutation rate method that I have so far 
described have been useful primarily for comparative purposes. Thus 
we have been able to compare mutation rates in mice and fruitflies; 
we have been able to compare mutation rates at short and long inter- 
vals after irradiation; we have compared mutation rates at different 
doses; and so on. Additional work now going on with this method 
will, in addition to measuring mutation rates at lower doses, also 
give information on other comparisons—for example, a comparison 
between the mutation rates in females and males, a comparison of the 
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results from long-continued low-level irradiation with those from 
single dose acute radiation, and so on. 

Although designed primarily to provide information for the com- 
parisons that I have already described, the gene mutation study has 
given some information on the nature and amount of total damage 
to be expected. First with regard to the nature of the damage, con- 
siderably more than one-half of all the radiation-induced mutations 
obtained from the seven genes studied in detail have proved to be 
recessive lethals—that is, when an offspring inherits the mutation from 
both parents, it will die. It seems unlikely that this result is biased 
in the unfavorable direction, because before the experiments were 
started it was not known whether or not any of the seven genes chosen 
for the study could mutate to lethals. 

Pep rceniative Ho.trietp. Will you explain that term “recessive 
etha 

Dr. Russeti. That is when an ofispring inherits the mutation from 
both parents, it will die. When the organism inherits it from one 
parent, it won’t die. It seems unlikely that this result is biased in the 
unfavorable direction, because before the experiments were started 
it was not known whether or not any of the seven genes chosen for 
the study could mutate to lethals. In other words, the sample of genes 
chosen was not chosen for production of this type of mutation at all. 
It was not known whether they could even mutate to lethals. 

Some information has been obtained on the time at which these 
lethals kill the individuals who inherit them from both parents. All 
the lethals that have occurred at one gene locus kill the offspring at 
about. weaning age. The lethals obtained from another gene locus 
apparently vary considerably in their time of killing. More infor- 
mation is needed on this point, but it is already clear that a large 
proportion of the lethals already studied kill at times that would be 
considered tragedies in human experience. Most of the lethals found 
do not belong to the category of lethals in which death occurs so early 
in development of the embryo as to pass unnoticed. 

It was anticipated that some, perhaps most, of these lethals would 
have some deleterious effect when inherited from only one parent. 
Such deleterious effects have already been observed for some of the 
lethals. It was expected that these deleterious effects might be ob- 
servable only in a statistical sense in populations. However, in some 
cases the deleterious effect of a lethal when inherited from only one 

arent is large enough to be detectable in the individual. It should 

e mentioned that a lethal which has a deleterious effect when in- 
herited from only one parent will express its damage in the popula- 
tion far more frequently in this way than in the more drastic effect 
that occurs when it is inherited from both parents. 

As has been mentioned, the results of the gene mutation study can 
be used to estimate total mutation rate. One way of doing this is to 
take the information from Drosophila on the ratio of total mutation 
rate to mutation rate at specific genes and use this to make the cal- 
culation of total rate on the basis of mutation rates at specific genes 
in the mouse. This method of estimation was used in the report of 
the Genetics Committee of the National Academy of Sciences. Dr. 
Muller used it before, and I think Dr. Crow incorporated this idea 
in his calculation this morning. 
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More direct methods of measuring the overall genetic damage are 
desirable and one of these is the second of the two methods I should 
like to describe in this testimony. ‘This method was suggested by the 
evidence that had begun to accumulate that there are slight dominant 
deleterious effects of mutations formerly regarded as recessive. Two 
lines of such evidence came from our work on mice. One has already 
been mentioned, namely, that at least some of the recessive lethals 
obtained have seme dominant effects. ‘The second line of evidence 
came from the large populations of animals examined for gene muta- 
tions. In that study, the offspring were kept to 3 weeks of age, and it 
was found that survival to this age was slightly lower in the offspring 
of irradiated males than in the controls. As a result of these find- 
ings, and of evidence from other erganisms, it began to seem prob- 
able that other effects might be detectable in the first generation off- 
spring of irradiated mice. Shortening of life was chosen as an effect 
that might reveal, as a statistic of a population, the presence of a 
variety of minor weaknesses which individually could not be easily 
detected. Pilot studies on longevity in the descendants of irradiated 
mice were accordingly started. The results from the first of these 
were presented before the National Academy of Sciences a few weeks 
ago, and have just been published. 

Dr. Crow did not discuss these this morning. I asked him whether 
be did not believe them. He said “No,” he had left them for me to 
discuss, and I think he felt it was more appropriate as they are quite 
recent data. 

Representative Corr. When you say that he responded to the ques- 
tion of whether he believed them or not, by saying “No,” did he mean 
he did not believe them, or that was not the reason ? 

Dr. Russert. That was not the reason. 

Senator Anprrson. Are you going to discuss them ? 

Dr. Russet. I have submitted for the record the detailed account 
of this which has been published. I shall be glad to read from this 
or cite any parts. 

Senator AnpERson. You were here the other day when I read brief- 
ly from the news story. 

Dr. Russetu. Yes. 

Senator Anperson. Is that what it is based on? 

Dr. Russetu. Yes. 

Senator ANDERSON (reading): 

Neutron radiation from atomic bomb can shorten the life of a man’s children. 
This is quoting from you. 

Offspring from a man exposed to such radiation will have their lives shortened 
on the average of 20 days for each unit of radiation their father has received. 

Dr. Russet. Yes. 

Senator AnpEersoN. We have been talking about receiving up to 400 
roentgens. We multiplied that out and came to 8,000 days, and that 
was 22 years. 

Dr. Russetx. There are two major qualifications which I believe 
were included in some of the news reports. I remember that they 
were in the full Science Service report. These qualifications are first, 
that we were dealing with neutrons which are probably more effective 
than X-ray or gamma rays. The other is that we were not dealing 
with the spermatogonia. In this experiment we deliberately tried to 
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maximize everything to get the effect on scale so that if there were 
any such effect, we would detect it. In this we used the maturing 
germ cells which for mutation rates are at least, shall we say, 2 to 4 
times as sensitive as the spermatogonia for straight gene mutation 
rates. It is possible they are even more sensitive for this effect, but 
this we don’t know yet. A more conservative conclusion from the 
results is the one I put in the discussion. I think at the present time 
we would be justified in estimating the effect on the first generation 
of offspring to be between one-tenth and equal to the effect on the 
shortening of life of the exposed individuals. 

I think it is perhaps fairer to talk about this than the 20 days 
which, in several respects, is maximized. 

Senator Anprrson. I know. Apparently this article in the Science 
Service was quoting you. It said, “Dr. Russell found, however, that 
‘There was a significant effect of radiation on the length of life of the 
offspring.’ In the male mice”—I am sorry, the quotation marks were 
dropped there. It says the life of the offspring was shortened 0.61 
days, I assume, for each unit of radiation. 

Dr. Russeiu. Yes. 

Senator AnpErson. Does that refer to mice ? 

Dr. Russetu. Yes; that refers to mice. A unit of radiation in this 
case was the rep of neutrons rather than the r. for X-rays or gamma 
rays. There should be some reduction factor. This is not known. 
But perhaps it is a factor of about 2. 

Senator ANpERson. Quoting further from this article— 

Using this information for human beings, Dr. Russell has figured out that a 
man’s life will be shortened from 5 to 35 days for each unit of radiation received 
by the father. 

Is that a correct statement ? 

Dr. Russreti. That is correct. This again refers to the conditions 
of this experiment, which are not the conditions of human exposure. 

Representative Price. What was the unit of radiation ? 

Dr. Russeiz. The unit of radiation was a rep. 

Representative Coir. A rep is what fraction of a roentgen ? 

Dr. Russeit. A rep is equivalent to the roentgen in its physical 
effect on tissue, but is more effective in its biological effect for most 
ae of biological effect. 

epresentative Horirmrp. Are you drawing the line between the 
neutrons which would be received close to a bomb explosion, and the 
gamma and other types of rays that would be received far away ? 

Dr. Russetz. That’ is partly correct. There would be a mixture 
of neutrons and gamma rays. Our experiment was set wi only to 
measure the neutron effects. The animals were shielded behind lead 
to filter out the gamma radiation. The experiment, as I emphasized 
in the paper, was not conducted primarily for this particular study. 
We got the data which showed this rather striking effect, so reported 
it @ are now conducting experiments designed deliberately to 
measure the shortening of life. But we felt we should not wait for the 
completion of these before reporting the effect already observed. How- 
ever, the qualifications are important, and I must insist that they be 
a are Otherwise if you just take the 20-day figure and do not 
put the qualifications on it, it 1s probably a much larger effect than 
would be obtained under normal conditions of human exposure. 
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Senator Anperson. It says— 


This shortening of life in the immediate offspring, Dr. Russell warns, in the 
Proceedings of the National Academy of Sciences, will turn out to be of a 
magnitude that will warrant serious consideration as a genetic hazard in 
man. 


Is that a correct quotation ? 

Dr. Russeitu. That is a correct quotation.. I have the same state- 
ment in this testimony I was about to read. I do believe that, in 
spite of the qualifications, this is still a serious effect. I think the 
20-day figure is too high. For conditions of human exposure, at 
least by our present estimates, it should be somewhat lower, but I still 
think it would be serious. 

Senator AnpErsow. From 5 to 35 isa safe figure. 

Dr. Russetx. No; that would still be under these conditions. If 
you want a definite figure, I would say at the present time something 
more like 1 to 10. These are guesses. It is much safer to publish the 
data you have and put the qualifications on them, than to make guesses 
about the quantitative values of the qualifications. 

Senator AnpEerson. It was pointed out that it could take up to 10 
and with 400 r, that would produce 4,000 days which would be 11 
years, which would be quite a shortening of human life. 

Dr. Russetu. Yes. 

Senator Anprerson. Which would be serious. 

Dr. Russretu. Yes, 400 r. would be serious. To conclude the state- 
ment on this, some of which we have already discussed: Our data 
on this effect are not yet as extensive as we should like. However, 
though the first sample studied was small, it was sufficient to yield 
a statistically significant effect which appears to be large and, there- 
fore, of general importance. It should be kept in mind that some of 
the conditions of this experiment were set up deliberately to increase 
the chance of obtaining a detectable effect. However, since the effect 
observed appears to be so large, it seems likely that, even when allow- 
ance is made for the conditions of human radiation exposure, shorten- 
ing of life in the immediate descendants will turn out to be of a magni- 
tude that will warrant serious consideration as a genetic hazard in 
man. 

In conclusion, I should like to emphasize one point in addition to 
those already expressed in this presentation, a point that Dr. Crow 
mentioned this morning. The layman tends to think of mutations in 
dramatic terms as gross monstrosities occurring in the first generation 
following radiation. Our studies on mice confirm the results obtained 
from other organisms showing that these are exceedingly rare types 
of genetic damage, Mutations which cause slight deleterious effects 
are far commoner. 

Before summarizing these points, I should like to say a word or two 
about extrapolation from mouse to man, the question which the chair- 
man raised earlier. There are, of course, risks in this. I think some 
of the earlier testimony, from medical workers and others, overem- 
phasized the difficulty. Yet, applying animal results to man is exactly 
what is done all the time in medicine in the testing of drugs and so on. 
Others who objected to the extrapolation of mouse mutation data to 
man had no qualms about extrapolating the rate-doubling dose. I 
personally would feel safer about extrapolating the induced mutation 
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rate in mammals from mouse to man than about extrapolating the 
rate-doubling dose itself. 

I will certainly agree that there are some risks in extrapolating on 
the quantitative points, that is, the actual mutation rates. I think the 
risks are ren much less in extrapolating with regard to the principles 
or relations between various points. Sie principles as the lack of 
recovery with time, the shape of the dose curve, the relative frequen- 
cies of different types of mutations and so on, it seems to me, can be 
extrapolated with fair confidence. 

Some of these are Bua eaDies that cannot be extrapolated from fruit- 
flies, because of the biological difference between flies and mammals, 
Other principles, of course, which were very well established in flies 
can be extrapolated to mammals. I have been stressing in this report 
those which I think needed work directly on mammals. 

I have listed nine points of this testimony in summary. 

1. Present data indicate that mouse genes are approximately 15 
times as sensitive to the induction of mutation by radiation as fruit- 
fly (Drosophila) genes. 

2. There is no recovery from genetic damage with time after ir- 
radiation. ‘This principle has now been established by direct experi- 
mental evidence on the material in which investigation was badly 
needed, namely, the immature germ cells of a mammal. 

3. Mutation rates following a dose of 1,000 r. show a significant de- 
parture from proportionality with the rates obtained at lower doses. 
Mutation rates at 300 r. and 600 r. do not as yet show any significant 
difference from proportionality. However, more data are needed, es- 
etd in view of the observed departure from proportionality at the 

igher dose. 

4. Different genes show widely different radiation induced muta- 
tion rates. 

5. More than one half of the radiation-induced mutations obtained 
have proved to be recessive lethals—that is, when an individual in- 
herits the mutation from both parents it will die. 

6. Most of these lethals do not belong to the category in which death 
occurs so early in development of the embryo as to pass unnoticed. 
On the contrary, they kill at times that would be considered tragedies 
in human experience. . 

%. The deleterious effect of some lethals when inherited from only 
one parent is large enough to be detectable in the individual. 

8. Rough estimates of the total mutation rate expected from a given 
dose of radiation have been made from the sample of mouse genes 
studied. 

9. More direct methods of measuring overall genetic damage are 
being used. The first results from one of these show a significant 
shortening of life in the first generation offspring of irradiated male 
mice. 

In presenting this statement today, I hope I have given the com- 
mittee a useful picture of at least a part of the basis on which con- 
clusions on the genetic hazards in man have been reached. Thank 

you. 
: Representative Horirretp. Thank you very much, Dr. Russell. I 
think you have given a very important statement here. It certainly 
seems to prove that in the case of genetics, at least, any radiation 1s 
harmful to the genes. | 
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Are there any questions? 

Representative Cotz. Mr. Chairman, I do not recall that the doc- 
tor responded to your inquiry with respect to the, relative sensitivity 
of human cells in comparison with mice. 

Dr. Russet. I think there is some question about extrapolating the 
exact mutation rate from mice to man. I think there is less risk in 
extrapolating the principles that we have established in our experi- 
ments. However, I think the best we can do at the present time is to 
use the organism closest to man on which we have data, and that is 
the mouse. I personally would feel less worried about extrapolating 
the induced mutation rate from mouse to man than I would about 
some other extrapolations that have been made. 

Representative Cots. Then you are unable to give us any estimate 
of the ratio between fruitfly, mice, and human being? 

Dr. Russevu. We have the ratio between mouse and fruitfly. This 
is 15 to 1. With regard to man and mouse, we have no information 
other than such as has been discussed. It appears from the Hiroshima 
and Nagasaki data that man is probably not greatly more sensitive 
than the mouse. Otherwise more damage would have been observed. 
However, the results on the Japanese study are fully consistent with 
a rate as high as has been found in the mouse. I would, like Dr. 
Muller, quarrel with some of the final conclusions of the report on the 
study in Japan. I would quarrel with one statement there about this 
particular point. Even so, in the report on this study, the authors do 
not raise any question about man being less sensitive than the mouse 
to radiation-induced mutation. I think the data are not extensive 
enough to rule out the possibility that he could be more sensitive than 
the mouse. 

Chairman DurHam. Your second summary point you base on how 
many years of research, that is, there is no recovery from genetic 
damage? 

Dr. Russell. The first indication came after, I would say, about 2 
years’ work after the basic experiments were started. This has been 
further confirmed by more extensive data as time has gone on. 

Representative Hottrievp. This refers to your experiments on mice, 

Dr. Russretu. Yes. 

Representative Hortrieip. Thank you very much, Dr. Russell. We 
will place your article, Shortening of Life in the Offspring of Male 
Mice Exposed to Neutron Radiation From an Atomic Bomb, in the 
record at this point. 

(The material referred to follows :) 


[Reprinted from the Proceedings of the National Academy of Sciences, vol, 43, No. 4, 
pp. 824-829, April 1957] 


SHORTENING OF LIFE IN THE OFFSPRING OF MAte Mice Exposep To NEUTRON 
RADIATION From AN ATOMIC Boms* 


By W. L. Russell, Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 


Communicated by Sewall Wright, January 81, 1957 


Introduction.—Only in recent years has evidence begun to accumulate that 
there are slight dominant deleterious effects of mutations formerly regarded as 


1 Work performed under Contract No. W-7405-Hng-—26 for the United States Atomie 
Energy Commission, 
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recessive.”* The results to be reported here, and our earlier work on mice,“ ® * 
indicate that such effects may add up to an important part, perhaps the most 
important part, of the genetic hazards of radiation in man. The evidence from 
the earlier work on mice is that appreciable deleterious effects of radiation 
become manifest in the first-generation offspring. This evidence is of two kinds. 
First, work on radiation-induced mutations at specific loci in spermatogonia has 
shown that among the recessive lethals, which comprise more than one-half of 
all the mutations recovered, many have dominant deleterious effects which, even 
for individual mutations, are sometimes large enough to be detected easily. 
Second, overall population damage was found in the large numbers of animals 
that are raised as far as 3 weeks of age in the specific loci studies. In all such 
experiments carried out, the survival to 3 weeks of age is significantly lower in 
the offspring of irradiated males than it is in the controls. (It should perhaps 
be pointed out that neither of the above effects, nor the effect reported in this 
paper, is the result of what the geneticist usually refers to as “dominant 
lethals,”’ which are major chomosomal aberrations that cause early death of 
embryos and which, as has been pointed out elsewhere,° are probably not an 
important hazard.) 

Our earlier work that showed a significant effect on survival to 3 weeks of 
age in the offspring of irradiated males led us to expect that there would be 
measurable deleterious effects later in life. The data reported here show that 
such is indeed the case. These data furnish a third kind of evidence of first- 
generation damage and perhaps the most striking one. They were obtained as 
a byproduct of another investigation, and they are not as extensive as we should 
like. However, they are the only data we have on this subject that were col- 
lected under the expensive and difficult conditions of a field test of a nuclear 
detonation. Furthermore, although the sample was small, it was sufficient to 
yield a statistically significant effect which appears to be large and, therefore, 
of general importance. 

Materials and methods.—The material used in the present longevity study was 
the byproduct of an investigation of the relative effectiveness of neutrons from a 
nuclear detonation and from a cyclotron in inducing dominant lethals in the 
mouse.’ In order to reduce the gamma component of the radiation to a propor- 
tion that would not appreciably interfere with the estimation of neutron effects, 
the animals were shielded with lead. The exposure chambers available were 
lead hemispheres of 7-inch wall thickness and 14-inch inside diameter. Young 
adult hybrid males, obtained by crossing inbred 101 strain females with inbred 
C3H strain males, were exposed inside the hemispheres placed at various dis- 
tances from the detonation. Control males were placed in hemispheres 2 days 
before the detonation and for a length of time approximately the same as that 
required for the exposed animals. Further experimental details are described 
in the report of the earlier work.® One day and a half after the detonation, each 
male was placed with four adult untreated females of the same hybrid strain. 
At 18% days after irradiation each surviving male was placed with a new group 
of 4 females. Most of the females that became pregnant were killed at a late 
stage of gestation for the dominant-lethal study. However, since the number 
of pregnancies turned out to be more than adequate for the dominant-lethal 
experiment, several of the females were allowed to come to term. It was the 
offspring of some of these females that were saved for the longevity study 
described here. All these animals came from matings made from 19 to 23 
days after irradiation. A few animals died before weaning, and these were 
not included in the data reported here. At weaning age the Sexes were sepa- 
rated and the animals grouped, so far as possible, six to a cage. They were 
kept in the same grouping throughout their life span. They were checked at 
least twice weekly for deaths. Only one animal died at less than 1 year of age, 
indicating that the conditions under which the animals were kept were good. 

The total (neutron plus gamma radiation) dose inside each lead hemisphere 
was measured, as described in the earlier publication,® by means of tissue- 


2C. Stern and P. Novitski, Science, 108, 538— 539, 194 oF 

8H. J. Muller, J. Cellular Comp. Physiol., 35, suppl. 1 , 205-210, 1950. 

¢w. L. Russell, Cold Spring Harbor Symposia Quant. Biol. 16, 827-336, 1951. 
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Atomic Energy, 11 (New York: United Nations, 1956), 382-383, 401-402. 
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equivalent ion chambers designed for this purpose at short notice.® Subse- 
quently, extensive testing and recalibration of these chambers” has led to a 
revision of the original dose estimates. ‘The doses reported in the present 
publication are the revised estimates. As was reported earlier,® attempts 
to measure the gamma component of the radiation by means of film dosimeters 
left a large uncertainty as to the size of this factor. Later tests have been 
made in which both ionization chambers and chemical dosimeters were used to 
measure the gamma component inside the lead hemispheres when these were 
exposed to fission neutrons. According to the latest information," these tests 
indicate that the gamma-radiation exposure in our experiment was almost 
certainly less than 10 percent of the total dose. 

Results —The median and mean lengths of life, together with the number of 
animals, for each dose group are given in table 1. An analysis of variance 
showed that neither grouping in cages nor sex had a Significant effect on length 
of life. It seems likely that larger samples would show some effect of both of 
these factors, but as there was no significant effect of them in the present 
experiment, the data were pooled. 


TABLE 1.—Length of life in the offspring of male mice exposed to neutron radia- 
tion 19-23 days before mating (deaths before weaning age excluded) 


Median Mean length 


Total dose to parent (rep) } Number of | length of life of life of 
offspring of ofispring offspring 
(days) (days) 

Gre ee ne contac de hes oben scene tee eee et eee ne ee oe 103 823 792 
STAINS RE BE SB Te eee ee eee 50 741 754 
y | ee ee eee ee ae ee es RS ee ee 5 valu) 699 
1 a agg le a pi apres 8 cel ARP a GL lt SS SES po Le Se Sh ate Oat na 22 739 723 
DEO ee eee ee ae een eee SAL eee cues eee ose aeeeess 8 666 688 
ISGHcLt estos ted In peas Linnie, ou Patios: ott fe. 2 756 756 


1 Includes some gamma radiation, estimated to be less than 10 percent of the total dose. 


To test whether there was a significant effect of radiation on the length of 
life of the offspring, the means were fitted to a straight line by the method of 
weighted least squares. This gives an intercept of 786 days and a slope of 
—0.609 + 0.238. Since the residual variance is less than the within-subclass 
mean sguare, there is no evidence of nonlinearity over the dose range tested. 
Even if the true shape of the curve is nonlinear, it will be conservative, in making 
the test of significance, to assume linearity. The larger mean square was used 
to compute the variance of the slope, and a two-sided t-test shows that the slope 
differs significantly from zero at the 1-percent level. If one is willing to accept 
a one-sided t-test as more appropriate, the significance level is 0.5 percent. Thus 
there is strong evidence of shortening of life in the offspring of the exposed 
males. 

Discussion.—It is noteworthy that a significant shortening of life was detected 
in spite of the small sample and the considerable genetic variability that must 
have been present in a population that was the F; of a cross between inbred 
strains. Furthermore, the weighted mean dose received by the exposed fathers 
was only moderate, being less than one-sixth of the 80-day median lethal dose 
as measured from other animals of the same strain exposed under the same 
conditions at distances closer to the same detonation. While it is true that 
certain features of the experiment, which will be discussed later, tended to 
maximize the shortening of life, nevertheless the result observed appears to 
be so large that it seems quite possible that shortening of life is an effect that 
might be detectable in studies of the offspring of exposed parents in human 
populations. 


8 See footnotes, p. 1097. 
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Science, 119, 42-45, 1954. 
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TABLE 2.—Shortening of life in the offspring of fathers exposed to neutron radia- 
tien 19 to 23 days before mating—Observed result in the mouse and extrapola- 
tion to man (deaths before weaning age excluded) 





| 
Mouse Man 

Point estimates. ons s4svcbscdwactousi ect anes 0.61 day/r. e. p. to father....| 20 days/r. e. p. to father. 

Lower 95-percent confidence limit.......--.. 0.14 day/r. e. p. to father..._| 5 days/r. e. p. to father. 

Upper 95-percent confidence limit........--- 1.07 days/r. e. p. to father...| 35 days/r. e. p. to father. 


In view of the lack of information on this subject, and specifically the fact 
that no data of this nature were ready for consideration prior to the writing 
of the 1956 report of the National Academy of Sciences Committee on Genetic 
Effects,“ it is desirable to consider what the present data might indicate when 
they are extrapolated to man. Taking the estimate obtained from the curve 
fitted to the mouse data, and assuming that the shortening of life in man would 
be proportional to this, gives, on the basis of a 70-year length of life in man, 
the figures shown in table 2. It should be kept in mind that the results were 
obtained from neutron irradiation. The relative biological effectiveness of 
neutrons for this effect is not known, but it seems likely, from other data on 
mutations, that gamma and X-radiation would be less effective than neutrons. 
It should also be emphasized that the effect observed here is probably a maxi- 
mum one, since the offspring were obtained from matings made between 19 and 
23 days after irradiation. Our data from experiments on mutations at specific 
loci * indicate that the sperm utilized in matings made within this time interval 
would have been derived from cells in a sensitive stage of gametogenesis at the 
time of irradiation. From approximately 2 to 4 times as many mutations are 
recovered from this stage as from the spermatogonial stage, which is the 
important one so far as radiation hazards in man are concerned.® It is also 
possible that the spectrum of mutations from irradiated spermatogonia would 
be qualitatively different and, conceivably, less effective in shortening life. 
However, there is no direct evidence of this, whereas there is evidence from our 
specific loci studies that some mutations induced in spermatogonia have, even 
individually, a dominant effect on length of life that is detectable. To sum- 
marize this paragraph, it should be remembered that the estimates given in 
table 2 are based on neutron irradiation of a postspermatogonial and sensitive 
Stage in gametogenesis and that X- or gamma irradiation of spermatogonia 
would almost certainly produce a smaller effect. 

Another way of considering the magnitude of the observed results, so far as 
its human implications are concerned, is to compare the shortening of life in 
the offspring of irradiated fathers with that in the irradiated individuals 
themselves. The data on shortening of life of the males exposed to this same 
detonation will be presented in detail elsewhere. Briefly, the percentage 
shortening of life of these animals, based on 24 controls and 128 exposed ani- 
mals, is 0.078 percent per r. e. p. 

The present data, expressed in the same form, give 0.077 percent shortening 
of life in the offspring for each r. e. p. received by the father; that is, approxi- 
mately as much effect as on the exposed individuals. Thus the test estimate 
from. our present data is that, for neutron irradiation of the sensitive stages 
in spermatogenesis, the shortening of life in the offspring of irradiated males 
will be similar in magnitude to that in the exposed individuals. Again, the 
effect from irradiation of spermatogonial stages would probably be less. 

Whether the ratio of effect in offspring to effect in exposed individuals will be 
different for X- and gamma rays from that observed for neutrons will, of 
course, depend on whether the relative biological effectiveness of neutrons is 
different for the effect on the offspring and the effect on the exposed individuals. 
Present, incomplete data on these points give no grounds for expecting that the 
ratio of effect in offspring to effect in exposed individuals will be less for 
X-rays than for neutrons. Weighing the evidence reported here, and making 


122The Biological Effects of Atomic Radiation: Summary Reports (Washington: Na- 
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Russell, EC Unclassified Report ORNL-2155 (Washington; Office of Tech- 
tion Services, Paeconent of Commerce, 1956). 
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some allowance for the many uncertainties, it seems reasonable to predict that, 
even under the conditions of radiation exposure in man, shortening of life in 
the offspring of irradiated fathers will be between 10 and 100 percent of the 
shortening of life in the exposed individuals themselves. It should be remem- 
bered that this excludes an additional effect on the offspring; namely as 
measured in the mouse, death before weaning age. Also, and more important, 
since the shortening of life is probably the result of mutations with slight domi- 
nant effects, the damage would not end with the first-generation offspring but 
would, to a certain, and probably large, degree, be transmitted to later genera- 
tions. 

Summary.—Length of life in the offspring of male mice exposed to moderate 
doses of neutron radiation from a nuclear detonation is shortened by 0.61 day 
for each r. e. p. received by the father over the dose range tested. This figure ex- 
cludes death before weaning age. The 95-percent confidence limits are 0.14 and 
1.07 days per r. e. p. Extrapolating to a proportional shortening of life in man 
gives 20 days per r. e. p.received by the father as the point estimate and 5 and 35 
days as the 95-percent confidence limits. The offspring were obtained from 
matings made from 19 to 23 days after irradiation and, therefore, represent the 
effect of irradiation on germ cells in a postpermatogonial and sensitive stage 
of gametogenesis. It is probable that irradiation of spermatogonia (the stage 
that is important from the point of view of human hazards) would give a some- 
what smaller effect. However, since the present data show an effect on the off- 
spring which is as large as the shortening of life in the exposed individuals 
themselves, it seems likely that, even when allowance is made for the conditions 
of human radiation exposure, shortening of life in the immediate descendants 
will turn out to be of a magnitude that will warrant serious consideration as a 
genetic hazard in man. 

The author gratefully acknowledges the cooperation of Mr. R. L. Corsbie, 
Dr. E. P. Cronkite, Dr. H. H. Plough, Dr. R. EH. Carter, Dr. E. F. Oakberg, Dr. 
C. W. Sheppard, and Dr. V. P. Bond, all of whom gave valuable assistance in 
various phases of the work at the test site. The author is also indebted to Dr. 
A. W. Kimball for statistical advice and computations and to Mrs. Josephine S. 
Gower and the other members of the Mammalian Genetics and Development 
Section who assisted with the laboratory work. 


Representative Horirierp. Before we have our discussion, we are 
going to ask Dr. Hardin Jones, to give his presentation. 


STATEMENT OF DR. HARDIN JONES, UNIVERSITY OF CALIFORNIA 
RADIATION LABORATORY ® 


Dr. Jones. Thank you. 

peter Neen Houtrievp. Dr. Jones, this is your prepared state- 
ment 

Dr. Jonrs. Yes. 

Representative Houiriretp. It will be accepted for the record. Are 
you going to summarize it? 

Dr. Jonrs. Yes. van 

(The statement referred to follows:) 


STATEMENT OF HARDIN B. JONES, PROFESSOR OF MEDICAL PHYSICS, PHYSIOLOGY; 
ASSISTANT DIRECTOR, DONNER LABORATORY, UNIVERSITY OF CALIFORNIA 


My field is the physiological basis of human health problems. In research I 
have contributed appreciably to: (1) an understanding of some metabolic dis- 
turbances associated with heart and vascular disease; (2) evaluations of the 


Donner laboratory, division of medical physics, University of California, Berkeley 4, 
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eancer problem and especially human cancer therapy; (8) the study of aging 
in that I have been able to construct a general explanation of aging that can 
be subjected to experimental study and which has been useful in evaluating 
factors contributing to improvement or deterioration of health and lifespan. 
I have been especially interested in estimation of eifects of radiation in man. 


SUMMARY 


In natural radiation exposure and the extent to which it is increased by 
fallout, we are dealing with effects that are minute compared to other factors 
of importance to the health of man. Estimation of the magnitude of these 
small effects depends on determination of the dosages to be expected and the 
biological responses associated with these doses. This paper deals with the 
latter factor. 

There is no direct evidence that doses as small as these produce any harmful 
effects ; some have therefore jumped to the conclusion that they produce none. 
There is much evidence that a variety of undesirable effects occurs in cells, 
tissues, and whole organisms when exposed to doses large enough to establish 
either a positive or a negative result with reasonable confidence. Some of that 
evidence is presented here. Since it indicates an effect proportional to dose in 
the known range, the gap in the unknown range with which we are concerned 
is filled by arbitrarily assuming that the same proportionality holds. The prin- 
cipal justification for that assumption as a working hypothesis is that to ignore 
a small factor of risk, if it is real, may be costly if that small risk is applied 
to.a very large population. 

The similarity of the effects of all harmful processes, including aging, disease, 
and irradiation, has been expressed in terms of a concept involving an equivalence 
between units of the damaging agency and effective increase in physiological 
age over the chronological age. Factors obtained in this way may be used to 
estimate the cost in health and lifespan of any of the circumstances tabulated. 
As a present step, while recognizing the uncertainties of the assumptions on 
which it is based, the factor for irradiation may be used to compare costs and 
gains with respect to the atomic energy program. Much more effort should be 
devoted to the accurate determination of the quantities involved. 


COMMENTS TO CONGRESSIONAL COMMITTEE, JUNE 1957 


I am trying to evaluate every circumstance which can add up to or subtract 
from average human health and useful life span. Some of my colleagues jok- 
ingly refer to me as a prophet-of-doom because many of my estimates are best 
explained in measures of morbidity or mortality risks. This is how we must 
quantify human experience in order to evaluate factors that may truly be worth 
accepting or avoiding. It is not enough to know something is good or bad for 
us; we must express this knowledge in quantitative terms in order to be able 
to compare costs in health or life span with gains in other directions. Very 
fbrequently we accept circumstances having a known and measurable risk, such 
as using the bathtub, crossing the street, overeating, or riding a device for 
transportation, simply because doing so gives us some definite pleasure or gain 
that is reasonably more than the estimated cost in risk of harm. However, we 
are conscious of risk, in that bathtubs now are made with nonslip bottoms, 
streets have crosswalks and traffie signals, and our mechanical devices are made 
as safe as is thought to be warranted economically. 

Since we are concerned here with the evaluation of radiation effects upon 
humans, I would like to tell you in some detail about interpretations I believe 
are reasonable estimates of this problem. I would like to separate information 
that is generally accepted from that based upon reasonable but debatable argu- 
ments; and I shall also use the evident uncertainty regarding answers to criti- 
cal problems both as a caution concerning current interpretation of results and 
to indicate needed critical information. My concern for estimation of even 
minute effects places me at times in awkward situations—when quoted out of 
context, I may appear to be constructing “scare” stories. This I am not doing. 
Effects such as I have estimated are too small to be measured directly in indi- 
vidual humans affect estimated numbers of people only when large popula- 
tions are subjected to the risks in question. Better estimates should eventually 
‘be made for each problem we can now discuss, but any estimate will have to 
depend on statistical studies of large populations. 
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I state definitely my summary belief that estimated effects of radiation from 
recommended occupational exposures and from fallout are minute costs com- 
pared to the gain to man of abundant useful energy and the extraordinary 
advantage we have gained for free nations by the awesome presence of effective 
atomic weapons. I would not, however, assume that, this formula for peace 
may continue to work indefinitely. Just as defense strategy, economic costs, 
possibilities for international agreement and other political, economic, and mili- 
tary factors are constantly reevaluated as circumstances change, the biological 
costs of the atomic age must be reappraised continually. 

We all recognize that the world must find more energy to be used for human 
betterment. Many facts attest to this. Ten percent of the world’s population 
is now using 90 percent of available energy and everyone—whether he already 
has much or little—wishes to have more of the material comforts made possible 
through the use of mechanical power. Populations everywhere are increasing, 
knowledge is increasing, need is increasing. In a world of dwindling available 
energy, humans very shortly would face a crisis of relative poverty. ‘The 
availability of atomic energy promises instead a new age for man, marked by 
extraordinary technical progress that can be the result of both growth of 
knowledge and increase of efficiency. These asset values are well known; the 
liabilities are less definitely established. At the moment, we need to find out 
with much greater precision many basic facts of effects of radiation in man, the 
biologie costs of radiation exposure, how its effect can be minimized or avoided. 
It is quite evident that the problems that the atomic age has brought us are 
more complex than had originally been visualized. At the same time, it is true 
that the gain through atomic energy is considerably greater than was foreseen 
even a few years ago. While the physics, chemistry, and engineering of de- 
velopment of atomic energy needed and deserved the great attention they re- 
ceived, it is now evident that the factor of human tolerance of radiation needs 
further attention because of lack of precise knowledge regarding critical radia- 
tion effects. In my opinion, the next stage should emphasize a greater relative 
effort in this part of the problem, because it is imperative that we reduce specu- 
lation and establish estimates of biologie effects with more certainty. At the 
moment, in spite of the shortcomings of current information concerning these 
important problems, there seems to be no difficulty in continuing the develop- 
ment of atomic energy and at the same time accepting very cautious limits of 
radiation exposure. . 

Much of the information concerning radiation exposure as a problem to man 
developed almost wholly from the great sponsorship of this field of scientific in- 
quiry by the Atomic Energy Commission. Many of the points currently under 
critical discussion, Such as mutation rate associated with very low radiation 
doses or the quantitative estimation of fallout, might have been neglected had 
not those in authority shown a responsible comprehension of these problems 
and undertaken to support unusual costs as a part of the overhead of develop- 
ment of useful energy. : 

Now, I would like to present to you an outline of some of the facts and argu- 
ments that seem to be of special importance in current estimation of the effects 
of radiation in man. I wish once again to caution that, in these discussions, 
we are considering radiation risks that are very much like other commonplace 
risks to which we have long been exposed, such as driving automobiles—indeed, 
these newer risks are usually very much smaller. 

Everyone wishes that risks to health and life might be reduced to zero. If 
that could be done, we would all live forever without growing old! Every 
moment of life, we face certain average risks of mishap—rarely of improve- 
ment. These average risks are the sum of many contributing factors, some 
large, some small. In individual affairs, very small risks are frequently re- 
garded as no risk at all. On the other hand, in a popular presentation of haz- 
ards with a view toward emphasizing their importance, any risk that is greater 
than zero can be presented in a way that attracts concern, even though it may 
affect only one person in the entire world. A widespread exaggeration of haz- 
ards would, of course, have prevented any technical progress. I believe it 
would be an equally great mistake to dismiss, as being equivalent to zero, those 
small radiation effects we are now considering. It is true that most of these 
estimated effects are exceedingly small, and I can give many examples of ordi- 
narily accepted circumstances that modify health to a much greater extent. 
The problem of differences of opinion derived from the same body of facts, is 
really the problem of deciding “how small is small,’ in the light of whatever 
is to be gained. 
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Similarity of radiation effect in mammals 


In estimating radiation effects in humans, there is a striking similarity to 
observations established in experimental studies with animals. Cancer induc- 
tion, radiation sickness, and genetic change occur at equivalent exposures. The 
average lethal doses are within the same range. Exposures causing burns 
or tissue damage are comparable. In general, this similarity would be ex- 
pected from our understanding of the chemistry and physics of radiation effects 
and from the very similar structure of body cells of mammals of widely varying 
species. As an approximate truth, damage that is incurred by radiation ex- 
posure becomes more apparent as time elapses, so that for many effects, such as 
the induction of cancer, there is a latent period during which the effect of radi- 
ation is rarely observed. Roughly, the latent period for the induction of cancer 
is relatively long or short, depending upon the relative life span of the species. 
Thus, greatly simplified, the problem of making comparisons of radiation effect 
between, say, the mouse and man is a question of the relative time scale. Very 
similar relations in development of other diseases with time are observed be- 
tween man and other mammals when time is expressed as a fraction of the life 
span. In such a comparison, the biology of aging in the mouse is remarkably 
similar to that of man, if one estimates 1 day’s life of the mouse to be equiva- 
lent to 1 month’s life of man. 


Life-span-shortening effects of radiation 

The conclusion from all studies of animal populations exposed to radiation 
in the range of 100-1,200 roentgens of whole-body exposure is that these dosages 
_ shorten life span. The shortening of life span of laboratory animals by these 
exposures is an established fact for either acute of chronic exposure. It is, 
however, distinctly unproven whether these effects apply on a relative basis to 
man, though the consistency for the many species of mammals tested lencs 
great plausibility to this hypothesis. If we do make such an assumption, as I 
have done on several occasions since 1953, one obtains a number that suggests 
that the average human life span loss at a dose of 100 roentgens may be about 
500 days, or about 1144 years. We can be certain that some number exists de- 
fining radiation induced life-shortening in man, but we cannot state the number 
with confidence. It can at best only be approximated. It is very important 
that we do learn what its value is, even though great effort and cost are at- 
tached to finding it. In the absence of definite knowledge, we must do the best 
we can to estimate this quantity. 

In discussing this question, several additional considerations arise. Is life 
span loss proportional to radiation exposure? Most evidence can be inter- 
preted in this sense, but not exclusively. It appears possible that life span loss 
may be somewhat greater than the above estimate at very large single doses, 
even though proportionality may hold in the small-to-moderate dose range. For 
very small chronic exposures, observation of the effect becomes very difficult and 
it is possible that no effect on life span may exist; however, current data are 
truly inadequate to test either hypothesis. Nevertheless, in mice, for example, 
a significantly enhanced and early appearance of tumors has been caused by 
exposure to 0.1 roentgen per day, the lowest dose yet studied for life span effects ; 
and although no comparison with man can be made on this basis, it may be 
inferred that some effects occur at low doses. Even though the studies that 
enable us to speculate upon effects in this dose range have been extraordinary 
undertakings of technique and labor, we still need te have much more informa- 
tion of this kind to establish the bearing of radiation exposure upon life span 
loss. One of the most important points concerns whether exposure rate is a 
factor in the lower dose ranges, since it determines whether one may express 
this radiation effect in terms of loss per roentgen of radiation exposure. I feel 
that, with respect to large doses of radiation, the majority of evidence supports 
a concept that life-span loss is proportional to exposure; and, in the absence of 
human data on low doses and low rates of accumulation of dosage, it seems 
safest to assume that the same relation holds at these levels. On this basis, we 
might say that 1 r. of whole body radiation is perhaps equal to becoming 
5 days older. In the absence of definitive information on radiation-induced aging 
in man, I believe it is reasonable to use this tentative number, even though it 
may be subject to revision as more certain information is acquired. Study of 
radiologists and atom bomb survivors may provide a better answer. In this 
regard there are conflicting opinions and reports. It has been evident for sev- 
eral years that radiologists have 6 to 10 times more leukemia than their ex- 
pected rates. 
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Some additional studies of life expectation suggested shortened life span for 
radiologists. Dr. Shields Warren recently estimated that average age at death 
was 6 years less for radiologists than for other physicians. Thus, one might 
infer that radiologists have about 6 years shorter life span. Lewis has recently 
reviewed this conclusion and reports that, when the distribution of ages among 
radiologists is considered, the death rate for that group as a whole is no 
worse—and possibly better—than for physicians in general. However, by using 
both the individual ages of deaths provided to me by Dr. Warren and the number 
of registered radiologists, my colleague, Grendon, and I have constructed the 
age-specific death rates for radiologists. They are found to have the same 
death rate risk as the general population at ages under 60; but over 60, the 
death rate is about twice as high as expected. I had come to similar tentative 
conclusions several years ago by estimating approximate death rates of radiolo- 
gists from obituary notices in the professional journals. I think it is reasonable 
to conclude tentatively that radiologists have a higher than expected death 
risk at older adult ages. This kind of evidence of radiation effect upon man is 
so important that a relatively great effort should be employed to make a precise 
study of individuals with known occupational exposures. It is true that the 
effects are probably very small but they are effects we need to know with 
relative accuracy, and such study is directly to the joint of estimating the 
effect of accumulating radiation exposures in humans. 


What about dosage measurements in human studies of radiation exposures 


Another crucial element in estimation of radiation effect in man is determina- 
tion of exposure dose. Even though I believe that radiologists may have 
slightly shortened life span at older ages, there is considerable difficulty in 
correlating this estimate with a measure of exposure radiologists may have 
experienced to produce this aging. We simply do not know the average or 
individual exposures, and direct estimates of exposure can be stated only within 
rather absurd limits such as 100 r. to 5,000 r. of accumulated whole-body 
irradiation. ‘There is the possibility, also that only a few greatly exposed 
individuals may be responsible for the extra deaths, giving a falsely high 
death rate to the entire group. Such difficulties also plague current attempts 
to evaluate findings among the Japanese survivors of atomic bombing. It is 
absolutely necessary to refine estimates of exposure of individuals in order to 
arrive at a proper evaluation of human life-span effects and to be able to test 
such data for proportionality or lack of proportionality of induced effects of 
exposure. A truly valid assessment of radiation effect in man has not been 
made and would require for its accomplishment the upmost in competent per- 
sonnel and financial support, on a scale commensurate with its complexity. A 
great part of the potential and useful evaluation of effects of radiation in 
Hiroshima and Nagasaki is in jeopardy because too little is known concerning 
true exposure. The several evaluations of leukemia risk in these Japanese 
are in doubt because exposure is unknown and evidence for exposure is quite 
inconsistent with distance from the blast and shielding. Thus, the true magni- 
tude of the leukemia-inducing effect of radiation may be very much smaller or 
larger than it is now estimated to be. With some effort, the dose might be 
estimated for accurately for those who developed leukemia and those who were 
in certain exposure categories. Many critical decisions concerning effects of 
radiation will need to be made, and it is important to have a proper number 
to apply in hte construction of these estimates. If such a number can be 
obtained by making an additional effort, I believe we should do so. 


Froportional effects versus threshold effects in man 


Attention to effects of radiation first established that there are acute effects, 
especially marked by tissue destruction, from which recovery subsequently takes 
place. Recovery in this instance is of the same quality as recovery from any 
usual kind of injury. As the amount of radiation given in a single dose declines, 
acute effects decrease more rapidly than the dose, because acute effects are due 
to tissue destruction and too little damage is done at any one site at doses of 
about 100 r. and below to evoke measurable systemic responses. ‘Thus, there 
are some kinds of radiation effect that are not seen at doses of about 100 r. or 
less. These include immediate radiation sickness, death, burns, ulceration, hair 
loss, Severe anemia, or sterility. All of these symptoms are largely the result 
of destructive effects of radiation upon rapidly dividing cells. Such cells for 
the most part are being replaced at a rapid rate, so that the loss of a small 
number may be quickly compensated. When radiation damage is considered in 
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terms of acute effects developing soon after radiation exposure, there is general 
an‘ convincing evidence of at least partial recovery from the effects of exposure. 
Attention exclusively to this phase of the problem leads some to the opinion 
that human can tolerate single intense exposures i several hundred roentgens 
and subsequently recover all of the gross features of normal health. 

As we direct our attention to injury of tissues or cells instead of confining it 
to whether an individual lives or dies, we find in general that effects of radia- 
tion are much more nearly proportional to radiation exposure. For whole 
categories of effects, such as genetic effects, destruction of cells, artifical aging 
of individuals, and induction of cancer, there is evidence—some completely 
convincing, some only a reasonable argument—that radiation effects at the 
cellular level are proportional to exposure to radiation. It is quite possible 
that some of the effects, such as the induction of cancers or of artificial aging, 
may not be as likely to occur per roentgen of radiation exposure at low ex- 
posures as at higher exposures. These points will be settled only by additional 
study of the problem experimentally in various animal species and by utilizing 
every opportunity to study chance human exposures. As a working estimate, 
it seems reasonable to postulate that effects at low dosage and low rates of 
dosage accumulation are proportional to know effects at higher doses. First of 
all, such a working hypothesis seems plausible in the light of the experimental 
evidence previously mentioned, and secondly, it is a cautious position to take 
to protect human health. 

I believe that the general evidence relating biological effects to exposure 
shows a remarkable similarity between genetic effects and changes in cell 
numbers and cell quality in the other body tissues (somatic tissues). Muller, 
for example, argued as long ago as 1939 that the somatic tissue effects of 
induced aging and carcinogenic change were quite comparable to genetic effects 
induced by radiation, and that both effects upon the somatic cells were probably 
of the same kind as the genetic changes in cells measured directly by the 
geneticist. Radiation effects on various cells of mammals, such as genetic 
effects and the survival of cells, including germinal cells, blood-cell-forming 
cells, and embryo cells, roughly fall into a category of proportional effects of 
radiation in which the chance of effect is 1 to 8 cells affected out of a thousand, 
per roentgen exposure. 

Radiation effects such as upon growth are quite in keeping with cther effects 
at the cellular level, and human growth change comparable with experimental 
values of radiation growth suppression in mice. The sum of such evidence sug- 
gests that life-span changes and irduction of cancers are accelerations of nor- 
mal aging produced by decreases in cell numbers and cell qualities in amounts 
proportional to radiation exposure. The effect is frequently made more compli- 
cated, it is true, by the ability of the body to repair tissue damage through 
replacement of injured cells with functional ones; but, fortunately, this modifi- 
cation helps us to escape acute radiation effects. 

Were it not for the simultaneous development of atomic energy and broadly 
supported studies applying to health safety, we would not be in today’s position 
of understanding radiation induction of cancer and other effects to the point 
of realizing that we should estimate these effects at very low exposures. Only 
a few years ago, we would have assumed that such effects could not exist. 
Attention to the effects of radiation in the small-dose range means that these 
efforts will be extended and that the problem becomes much more difficult 
technically. It is important to emphasize, in addition to life-span-shortening 
and cancer-inducing effects, the effect of radiation from generation to generation 
and upon embryologic development, both of which may be effects that are pro- 
portional to radiation exposure into small-dose ranges; if they are, they need 
to be estimated in terms of human costs. 

I would like to turn attention to some of the other environmental effects with 
which radiation exposure may be compared. For several years, I have been 
evaluating a large number of environmental circumstances collected from various 
sources in terms of effects upon the life span and death rate. A summary tabula- 
tion is given in tables I and II. The exact numbers ¢ ttached to some of these 
effects are in dispute, because there are different choices concerning the estimated 

magnitude of the effect. Some of the effects are related to reversible circum- 

stances as, for example, marital status, occupational hazards, metabolic disease ; 
other factors, such as radiation exposure, are permanent. The latter class in- 
cludes traumatic injury, childhood disease, and country of origin. Some of these 
estimated effects are additive; others are not additive because they are partial 
measures of the same problem. For example, if one estimates the eftect of fat 
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metabolism on life span from consideration of fat-carrying molecules in the blood, 
this estimate will already contain the evaluation to life risk that can be obtained 
from obesity status; and, similarly, the cigarette-smoking effect is also evaluated 
by blood fats, so that these are not additive. Differences between males and 
females, urban versus rural dwelling, and national differences appear to be 
entirely additive. 

Differences in life span in this list are given in terms of change of physiologic 
age. An individual in a category listed as +3 years—as, for example, when a 
person’s mother lived to be 90 while his father lived the average life expectancy— 
is considered tu have the death risk at any adult age of a person 3 years younger 
chronologically. 

Such effects on life span can also be established for, say, automobile driving 
or employment in industry. The effect corresponding to recommended limits 
for human radiation exposure (as, for example, 50 roentgens of accumulated 
exposure in occupations) is very much less than any of these other estimates, 
perhaps being —0.7 year. The effect of fallout estimated by these methods to 
be about one one-hundredth of this value. It is quite obvious that each of these 
effects can be worth our attention, although the average person is not aware at 
any time that change is taking place. Even such effects as a difference of 10 years 
in physiologic age are quite unlikely to be noticed by the casual observer watch- 
ing the tide of life from day to day. Detection of these effects is possible only 
by employing statistical tools, and the conclusions apply only to averages—not to 
any one specified individual, except in terms of the statistical concept of risk. 

The additive nature of disease categories and factors underlying development 
of disease suggests a very important point with regard to radiation effects, 
namely that, even though we cannot reverse the effect of radiation damage itself, 
it should be possible to counter this effect by enhancing health in other ways. 
The general recession of disease and improvement of health over this century are 
clear evidence that great gains can be made in the direction of better health and 
longer useful life. Some of these gains may more than offset the adverse effects 
of radiation, and some of these gains may be expected to arise as the direct result 
of the AEC program in research. 
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TABLE II.—Statistical distribution of lifetime shortening by travel and industrial 
accidents * 


[Calculation based on Vital Statistics of 1949, valués for adult white males 20 years and older 


All accidental deaths.......-.-..-.----. —2.3 years per individual in United 
States of America. 
Travel accidents: 


Accidents involving railways.......-. —0.06 year per individual in United 
States of America. 
Accidents involving ships....--.-.-. —0.04 year per individual in United 


States of America. 
Motor-vehicle accidents involving -—0.67 year per individual in United 
driver and passengers. States of America. 
Assuming only half of population —1.3 years per individual at risk. 
spends appreciable time in auto- 
mobiles. 
Pedestrian motor-vehicle accidents... —0.2 year per individual in United 
States of America. 
Assuming this effect largely involves —0.4 year per individual at risk. 
the urban portion of the popula- 
tion. : 
Aircratt.accidents.. 5 --e-ess—e 6 —0.05 year per individual in United 
States of America. 
Assuming that % of the population -—0.2 year per individual at risk. 
(actually, probably much less) uses 
airplanes. 
Accidents involving industrial machinery. —0.04 year per individual in United 
States of America. 
Assuming only 30 percent of males —0.27 year per individual at risk. 
are employed using industrial ma- 
chines. 


1 These values are based upon numbers of deaths attributed to accidents; the estimates of life span lost are 
actually perhaps slightly low because survivors who are maimed, and hence have reduced life expectancy. 
are not included in these estimates. 

Dr. Jonss. I will deviate from the prepared statement to save time. 
I can use the blackboard and anyone reading my ad lib remarks can 
fall back back on the prepared statement if he has difficulty following 
me. 

Representative Horirtetp. That will be fine. 

Dr. Jones. My general problem in health research is to try to 
evaluate as many things as we can that have some bearing on human 
biology, human biology from the standpoint of the degree of good 
health we might achieve and how long we can maintain our life in 
relatively good health. These things can be expressed in terms of 
length of life, they also have to do with measures of death rate, because 
this is how we measure the risks of failing to remain alive. 

I would like to present a diagram of this (fig. 1) because I think 
it helps to understand the problems of human biology. Ordinarily 
vital statistics for man are presented in units of death rates, that is, 
deaths per thousand of population per year. This level would be 1 
death per thousand per year, this would be 10 deaths per thousand 
per year, 100 deaths per thousand per year, and so on. 

I regret giving information in these terms because they are ex- 
ceedingly morbid values to deal with. Sometime in the future I would 
like to turn them around and express them in units of vitality. 

We are interested in the problem of vitality and not the problem 
of morbidity. If we draw this function (line B, fig. 1), this could 
essentially represent the aging of men or women of the United States. 
These are approximately the age-specific death rates. If we consider 
individuals at the age of 30, they have a risk of approximately 2 
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deaths per thousand individuals per year. At age 50, we find the 
death risk per year is 10 per thousand and so on. 

We find this is a very regular sequence of events. It was described 
over 130 years ago by Benjamin Gompertz. 

The very interesting thing about this is that if the horizontal dis- 
tance represents life span of man in years, we can convert this equation 
to the biology of the mouse by changing the time scale to make the 
life span equal 1,000 days and then our line represents the aging of 
the mouse. The longer he lives, the larger the risk of dying. 

One can also interpret the increasing death risk on the basis that 
physiologic degeneration is an accumulative affair. The more degen- 
eration accumulates, the more likelihood there is of further decay; and 
the more decay in toto, the more the death risk. These concepts are 
relatively important to us because they may explain the very great 
differences in death rate between populations, either of humans or 
mice. If we plot the death rates for several populations of mice, we 
aes get marked differences in death rate at each age (lines A and 
C, fig. 1). The interesting thing is that the biological equation always 

gives us the same slope. That is, the rate of progression of the death 
rate tendency is always the same for that species. 

In this case, the death rate doubles for each age increase of approxi- 
mately 80 days for the mouse, or approximately 814 years for man. 
Otherwise, the equations are very much the same. The range of vari- 
ations shown (a factor of 4) in death rate at any age occurs under 
average circumstances. 

I can illustrate some of the differences among human populations. 
If we say this line represents death rates in the United States today, 
the Scandinavian countries are in a much better position, with lower 

_ death rate risk on the average. We can separate out some population 
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groups in the United States and find intrinsically low death rates, as 
good as those of the Scandinavian countries. 

What has been happening? If we go back at least 100 years, say, 
to 1850, we find high death rates; and we find that over the course of 
the last century, throughout the Western World, death rates have been 
shifting in the direction toward lower and lower values, even though 
the rate of change of the death rate with age has remained charac- 
teristically the rate of change for man. This helps us to identify 
many factors that are probably of importance to us in a public health 
sort of way. I do not think that some of these things can be estab- 
lished with great certainty, but at least the effects of certain conditions 
have been identified as existing or not, which is quite important to us. 
One of the main things that has caused a shift from very high death 
rates in adult life to very low death rates at the same age, has been 
the recession of the childhood diseases. As childhood diseases have 
been eliminated, due to progress of nutrition and public health and 
medicine over the past century, we find that health in adult life has 
also been better and better, as evidenced by lower death rates. 

We can identify a number of factors that have an effect on health. 
I will put some of them down. The recession of childhood diseases 
during the last century has added about 15 years of useful adult life. 
We can tentatively estimate differences associated with exercise—a de- 
plorable thing to discuss when we do not get enough of it. The gain 
due to exercise might be of the order of 5 years. The effect of obesity, 
based on life-insurance statistics, is apparently proportional to extent 
of obesity, where 1 pound of overweightness is equal to 1 month of 
lifespan. 

If you think of it the other way, if you are 1 pound leaner, it works 
in reverse or you havea 1 month gain. 

There are differences between living in the country and the city. 
There are very great differences between various population groups 
by nation of origin, not related to politics but to human environmental 

actors. 

This type of analysis is important to us because it gives us a back- 
ground to use with respect to the irradiation problem; particularly, 
if we look at the effects of irradiation on the mouse, we can use these 
same equations.. We will be talking in terms of a lifespan of a 
thousand days instead of the human lifespan of 100 years. The biol- 
ogy of aging of the mouse is like this [drawing on blackboard] (fig. 
2). If we give single doses of radiation early in life, what we find is 
that the death rate goes up momentarily, due to the acute effects, and 
then, among the mice that recover, there is a displacement of the death 
be just as though these mice were already older than they were 

efore. 

This apparent aging is the primary thing that characterizes the 
radiation effect on mammals; the general things that cause death are 
just about like the things that would have caused death anyway if the 
animals had been a little older. There are certain things that might 
really be specific for radiation toxicity, but in general radiation in- 
jury represents an increase in natural tendencies toward death. If 
we give twice as much radiation, this line would move up twice as far. 

This brings us, then, to the concept of proportionality. As far as 
this kind of increase in the death rate is concerned, we seem to have a 
linear displacement that will move the line toward higher death 
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rates in amount =P OROE AR to exposure. The amount of injury, 
which is measured by the increase in death rates, is proportional to the 
amount of single-dose exposure between 100 and 1,200 roentgens. We 
can’t go to higher exposures because the best techniques we have avail- 
able will not enable these animals to live beyond the acute phase. 

So this gives us one of the best illustrations of proportionality of 
radiation effect. Hven so, there is a great deal of debate among my 
colleagues as to whether we should really conclude that these effects on 
life span are still proportional at very low doses. The reason for that 
is that the basic information we have to go on is relatively scanty. 
In spite of the fact that we would like to have better data, it has taken 
a great deal of effort on the part of most of our great laboratories to 
accumulate the information we now have. 

Some of the experiments have been rather great undertakings in 
terms of numbers of animals, housing of animals, and the numbers of 
scientific investigators that have been a part of these studies. 

A very large study was done in Operation Greenhouse, one of the 
atomic blasts in the Pacific, where large numbers of mice were used, 
and where we have good tests of the proportionality. [ven in this 
case there was a difficulty in estimating the physical doses of these ani- 
mals, and in the higher dose ranges it looked as though the effects on 
life span were relatively greater than at the lower dose rates. How- 
ever, at the lower dose rates, the concept of proportionality still seems 
to hold in that the curve becomes a straight line which seems to go 
through zero effect at zero dose. 

Some of the other difficulties in establishing proportionality of 
radiation damage are evidenced in terms of another effect that was 
demonstrated in mice, and that is the chronic radiation exposure ex- 
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periment of the late Dr. Lorenz. Fairly large numbers of mice were 
used in this study. In this case, when radiation is given constantly, 
one does not find that these lines are displaced in a parallel fashion ; 
but, because the little increments of radiation damage are constantly 
being given, the line has a steeper slope, and the slope of this line will 
increase in proportion to the amount of radiation given. 

So then, if radiation began at this point (point P, fig. 3) and we 
have varying dosages—maybe this is a tenth of a roentgen per day, 
this might be 1 roentgen per day, 2, 4, and 8—one can see that the 
change of death rate with age becomes steeper and steeper as we go 
to the higher chronic exposures. Unfortunately, with respect to inter- 
pretation of the results at the lowest dosages, the control mice were 
housed separately. 

As far as the direct comparison of slope of the death rate curves 
is concerned, the unirradiated controls seemed to have a lesser slope 
than even the 0.1-roentgen-per-day group. But when the curves are 
put together, the control mice intersect in this fashion, (fig. 3), so 
that early in life the control mice had a higher death rate than the 
mice irradiated at 0.1 r. per day, and this variation essentially hap- 

ened twice. So that the direct observation is that the animals that 

ad a tenth of an r. per day lived slightly longer than those that 
had no irradiation; but the former group did have twice as many 
tumors as the latter. 

Such differences in death rate are seen quite commonly among ani- 
mals that are housed separately in slightly different environments, in 
spite of every effort to make conditions identical. In such cases, how- 
ever, the slope of the line has remained the same, but the position of 
the line has been displaced. 
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I don’t know any way out of this particular dilemma except to 
get further information from repetition of these experiments. The 
anomaly has given some people a bulwark to fall back upon in arguing 
that perhaps there is a threshold in terms of radiation effect on the 
life span. On the other hand, I would.place little confidence in this 
argument, because these animals were housed separately. 

Representative Horirrerp. What do you mean housed separately 
and controlled ? 

Dr. Jones. The experimental mice were chronically irradiated, so 
they could not be kept in the same room or region of the building as 
the control mice, which are kept in a normal environment for com- 
parison. They had to be housed in a different room. These particu- 
lar control animals were even raised at a different time period because 
the animals that were contemporary with the mice that were irradi- 
ated happened to have an infection and the colony was lost. This 
limits the interpretations one can place upon these experiments. 

Even so, expected effects of 0.1 r. per day are so slight, and the 
numbers of animals are so small, that the results do not let the investi- 
gator test significantly either way whether the effects of irradiation 
on life span are subject to a threshold or are continuous in the small- 
dose range (fig. 4). 
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So we have to conclude in general that there is no direct evidence 
of life span effects in the small-dose range. We can only draw infer- 
ences from effects at higher doses. But foehove if we add everything 
we have available in the higher dose range, of the order of 100 r. 
up to 1,000 r., that the effects seem to be reasonably proportional to 
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radiation exposure. Just as the geneticists have trouble in going 
below 25 roentgens in testing proportionality, I think we have trouble 
going below 100 r. in establishing that life span effects can occur at 
very low doses. It is certainly possible to test for radiation effects 
in this region, but it will be difficult and the testing will not be com- 
pleted for some time to come. 

I also think that everywhere possible we should make an effort to 
obtain such information directly from man. Of course, there is the 
study of the Japanese. There is also the study of the radiologists 
that we discussed briefly yesterday. These studies have some limita- 
tions. If one makes the best estimation possible of the death rate — 
for radiologists and compares it with the white male population, it — 
does appear that up to the age 50 the population of radiologists and 
the white male population have similar death rates. Above this age, 
the death rate of radiologists is increased above the general popula- 
tion, so that the displacement in death rate, which corresponds to 
age, makes radiologists effectively at least 10 years older than non- 
radiologists of the same chronological age. This really only tells us 
that a life span effect of radiation can occur in man. It is very diffi- 
cult to say what the ratio of life-shortening to radiation dose is. 

It is very difficult to say what the exact number is because the num- 
bers of radiologists have been increasing in each year’s time. Over 
the last 20 years, the number of radiologists has increased by a factor 
of 3 or 4. With this increase, there has been an increase not only in 
the younger ages but in all ages. So we have no idea as to what the 
average dose of radiologists may have been. We can only guess that 
this 10-year difference in aging is associated with an average dose of 
somewhere from 200 r. to perhaps as much as 1,000 r. I personally 
doubt whether this 1,000-r. value taken as an upper limit could really 
be expected, because I think the effects of 1,000 roentgens of whole 
body irradiation would be more severe than we see it in the average 
radiologist. 

There is, however, very little doubt that many of the radiologists 
who are responsible for this higher death rate are really groups that 
had much greater than average irradiation, and that the main popula- 
tion of paalaeiuie having much less exposure than these few are 
really subject to a lower death rate. 

It is also important at this time to point out that we really need to 
have a value that we can say represents the effect of radiation on the 
life span of man. The best thing we can do directly in the absence of 
such a number, I believe, is to estimate it from the mouse. Unfor- 
tunately, we know so much about the biological equations of aging, 
how diseases develop in both the mouse and man, that we can use this 
system of simply converting 100 years to 1,000 days to give us this 
information directly, and use it with whatever confidence limit needs 
to be applied, remembering that the information is from the mouse. 

When we do that, we will find that, taking the mouse data directly, 
we might conclude that 1 roentgen perhaps—and the “perhaps” is 
big—is equal to minus 5 days in terms of individual life span. On 
the average, the individual exposed to 1 roentgen would be like an 
individual without this amount of radiation who was 5 days older. 
You see, for all practical purposes within the model as constructed, 
radiation exposure simulates the ravages of time. So we are justified 
from the standpoint of the general logic of these events in making this 
conversion between roentgens of exposure and units of life span loss. 
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But this is not all. This value, within the confidence limits of the data, 
might truly range from 1 day to greater than 15 days. We simply 
don’t know. I would advise us all to look at the problem as carefully 
as possible and use whatever means we can to get such information. 

While I cannot be certain where this value may truly lie, the sum 
of all information I have available to work with would lead me to 
trust tentatively as a direct average without weighting it for any 
factor at all this value of 5 days. If we look at the Japanese data in 
terms of death rate, it is possible that these will fall somewhere within 
the liimts of 1 day to perhaps greater than minus 15 days per ro- 
entgen. We simply do not know yet. 

I had occasion to make some very rough estimates some time back 
and all I could say was that it looked as though there was a life span 
loss on the Japanese. As we know, there is quite a leukemia rate as- 
sociated with it, similar to the increase in leukemia rate in radiolo- 

ists. 

é Very briefly, I might examine a few factors that are perhaps related 
to the shortening of life span. They may help to explain radiation 
effects. I think this particular result of radiation is possibly due to 
some combination of two effects : the tendencies for the cells to undergo 
mutations, such as Dr. Muller and others described as somatic muta- 
tions, and also the reduction in numbers of functional cells in the 
animal. If we look at the numbers of functional cells in the animal, 
or the effects of radiation on mutation rate, we would be looking in 
effect at a corresponding increment of the death rate. If we look at 
the cells directly in terms of the response to radiation. for many cells 
in mammals we will find that there is proportionality in numbers of 
cells left alive, and number killed per roentgen. 

From a lower value of 10 roentgens up to values of 2,000 roentgens 
in the rat or in the mouse or human blood cell estimates, it appears 
that, per roentgen in this range, you would have between 0.3 percent 
_and 1 percent of the cells killed. It looks as though the effect of radia- 
tion in mammals under a variety of circumstances, for cells like the 
marrow cells or lymphatic cells, is within this range. 

Also, the cells in the developing embryo, which also have a high rate 
of cell division, have approximately this same range of radiation sensi- 
tivity. We can show that the small effect of radiation on the growth 
of children irradiated before birth in Japan is about the same rate as 
this, 0.3 percent per roentgen, and this turns out also to be equivalent 
to the data that Dr. Russell described a moment ago on his irradiated 
mice. So we have some general idea that in the various mammals we 
can study, the effect upon cell numbers seems to be relatively the same 
among the various mammalian species, and also the life span effects 
seem to be roughly the same as far as we can test; but it does leave 
us with the great desire to know much more about these effects, and 
also to know what kind of number we should estimate for the life- 
subtracting effect of radiation in man. 

Senator Hickentoorrr. Do I understand that range you put on the 
board a moment ago from 10 roentgens to 2,000 roentgens, that an 
exposure of 10 roentgens would kill 0.3 percent of the cells and ex- 
posure of 2,000 roentgens would kill 1 percent? 

Dr. Jones. The range of 0.8 percent to 1 percent of cells killed per 
roentgen applies throughout the range from 10 roentgens to 2,000 
roentgens. "ee has to interpret the proportionality in what we call 

93299°—57—pt. 28 
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the hit equation. You cannot kill the organism twice. So that in 
upper doses very few cells are left untouched. 

enator Hickrentoorer. That is the thing that confuses on that 
statement. I would interpret what I understand you to mean that as 
compared to an exposure of 10 roentgens and 2,000 roentgens that the 
2,000 roentgens would kill only about 3 times as many cells percentage- 
wise as the 10 roentgens. That is my understanding of your statement. 

Dr. Jones. No, If we test for this range where we have available 
data in the mouse, regardless of whether we give 10 roentgens or give 
2,000 roentgens, we will find that we have 0.3 percent of the cells 
affected per roentgen. So that, per roentgen, as far as the effect on 
rapidly dividing cells is concerned, it will be three cells of each thou- 
sand cells affected. 

Senator Hicxkentoorer. I understand. I missed the equation te 
the single roentgen. | 

Dr. Jones. Yes. The remarkable thing is that this is such a good 
proportionality effect. 

Representative Horirretp. Dr. Jones, we want to adjourn at 5 be- 
cause the committee has to go into executive session on another matter. 

Dr. Jones. I can summarize this section. I think life-span effects 
do exist. JI have no reason to doubt this at all, I have some reason 
to believe that we should look with caution on the argument that a 
threshold effect exists, although we cannot be absolutely certain that 
a threshold effect might not exist. But as far as my opinion is con- 
cerned, on the basis of having examined all the facts at my disposal, 
I do not believe a threshold effect is very likely to exist, I think we 
should try to get better information, not only for this point, but also 
to find out directly in man how much each unit of radiation sub- 
tracts from life span, because in an atomic age everyone is going to 
need to know this number with a great deal of certainty. At least, 
it should be determined to 1 or 2 significant figures and not merely 
within the range of perhaps a factor of 10. 

Representative Hortrrevp. Thank you. Your summary is very in- 
teresting, and the statement that you have submitted will be studied 
carefully. 

I have two papers by Dr. Jones that I would like to place in the 
record at this point. 

(The material referred to follows :) 


A SUMMARY AND EVALUATION OF THE PROBLEM WITH REFERENCE TO HUMANS OF 
RADIOACTIVE FALLOUT FROM NUCLEAR DETONATIONS 


Hardin B. Jones,’ Donner Labortory of Biophysics and Medical Physics, Univer- 
sity of California, Berkeley, Calif., January 14, 1957 


ABSTRACT 


The tolerable amount of radiation exposure to humans is probably less than 
formerly estimated. It is shown, however, that accumulated effects of the low- 
level worldwide exposure to radiation from fallout to date is relatively small. 
The genetic effects are not large enough to be statistically detectable. The 
health effects, as expressed in life expectancy, are much smaller than those 
of such factors as infectious or chronic disease, metabolic disturbances, smok- 
ing, obesity, lack of exercise, and environment and marital status. Predic- 
tions of strontium 90 levels to be expected in the next 2 decades indicates, 
however, that bone irradiation may become detectably harmful. 


1 With suggestions and critical review gratefully acknowledged to R. Lowry Dobson 
ees War poe, John H. Lawrence, Burton J. Moyer, William Siri, Curt Stern, and 
ward Teller. 
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INTRODUCTION 


Nuclear detonations form radioactive isotopes in quantities so enormous that 
they must be recokoned in terms of many thousands of curies, the equivalent of 
many pounds of the element radium. A portion of this radioactivity is dis- 
persed into the atmosphere and subsequently falls upon the land and sea. 
However, the vastness of the land, air, and water of the earth provides a means 
of dilution so great that even these large quantities of radioactive materials are 
soon reduced by distance and time to exceedingly small concentrations of 
radioactivity. The problem of radioactive fallout in relation to human beings 
involves the need to know the quantity that becomes a part of human enyiron- 
ment, and to know the effect upon man of ionizing radiation from fallout. 

This summary concerns low-level worldwide fallout. It must be recognized, 
however, that very intense fallout may be experienced in the vicinity of an 
atomic detonation. For example: * ; 

“On March 1, 1954, an experimental theromonuclear device was exploded at 
the United States Atomic Energy Commission’s Eniwetok Proving Grounds in 
the Marshall Islands. Following the detonation, unexpected changes in the 
wind structure deposited radioactive materials on inhabited atolls and on ships 
of Joint Task Force 7, which was conducting the tests. Radiation surveys of 
the areas revealed injurious radiation levels; therefore, evacuation was ordered, 
and was carried out as quickly as possible with the facilities available to the 
task force. 

“Although the calculated accumulated doses to the exposed human beings 
were believed to be well below levels that would produce serious injury or any 
mortality (267 Marshallese received 14 r. to 175 r.) * * * All of the exposed 
individuals have recovered from the immediate effects (burns, loss of hair, 
anemia) without serious sequele. Nevertheless it is planned to evaluate the 
medical and genetic status of the group at appropriate intervals with a view 
to learning what if any of the known late effects of radiation exposure may be 
observed. Obviously and indeed fortunately the number of persons (92 Mar- 
shallese) receiving 75 roentgens exposure and greater is too small to make it 
possible to determine with any degree of accuracy the effect on life span.” 


EFFECTS OF RADIATION EXPOSURE IN HUMANS 


The reasonable and superficial evaluation of radiation hazard is that humans 
can obviously tolerate exposure to several hundred roentgens, recover from 
immediate effects, and remain in “normal” health and functional capacity. 
Recently, however, we have become aware of deleterious long-term effects of 
radiation which, however subtle, appear to be proportional to the total quantity 
of radiation exposure and may be assumed to act even at very low levels of 
irradiation. Except for these long-term changes, our understanding of radiation 
effect usually has been concerned with two important facts that dominated our 
thinking about these problems: 

(a) For certain kinds of radiation damage and injury, there is recovery. 
Individuals recover from acute symptoms produced by sublethal radiation ex- 
posures even though they may show general sickness, burns, loss of hair, anemia, 
ete. Recovery from acute radiation effects is analogous to recovery from any 
other acute injury or infectious process in which damaged tissue is healed and 
repaired. 

(b) These obvious signs of radiation effect are associated with relatively large 
single doses of radiation (greater than 100 r.). As dose size is decreased, de- 
tectable acute effects decline, becoming disproportionately small, so that there 
is a true threshold of dose of irradiation, at about 100 r., below which these 
particular acute manifestations of radiation do not occur, 


THE PROPORTIONAL-EFFECT CONCEPT OF IRRADIATION 


Recent evidence that long-range effects of radiation simulate aging effects comes 
from a variety of sources and is consistent with information relating radiation 
effects with genetic change and changes in cell-population numbers and quality. 
Evidence and logic support an argument that small increments of radiation- 
induced morbidity persist as small permanent changes in body functional struc- 


2 Quoted from Charles Dunham, A Report on the Marshallese and Americans Accidentally 
tn to Radiation From Fallout and a Discussion of Radiation Injury in the Human 
eing (United States Atomic Energy Commission, July 1956). 
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tures, which become detectable as aging, neoplastic disease, and genetic change 
(see appendix A). However, it remains to be proven experimentally that these 
effects do occur as the result of small irradiation exposures. The testing of this 
question is not likely because it would involve great technical difficulties. At- 
tempts to procure some evaluation of the problem relating small-doze (5 r. to 
10 r.) effect to life span would involve study under uniform conditions of perhaps 
several million mice. It is pointed out that in order to establish the effect of 
the smallest doses as yet measured for genetic effect, namely 25 and 50 r., the 
geneticist Curt Stern and his associates worked for 6 years and examined approxi- 
mately 50 million individual flies. They came to the acceptable conclusion that 
these small exposures have the same effect per roentgen upon gene mutation 
as at higher exposures to radiation. Jonizing-radiation effect, in the depression 
of blood-forming function and blood-forming cells, is proportional to radiation 
dose even down to 5 r. (Hennessy and Huff). Other effects upon blood cells, lead- 
ing to abnormal doubling of the cell nucleus, are now reasonably established by 
Dobson in the range of 0.1 to 0.3 r. of single exposure, but are not yet tested 
for proportionality. 

There is no reason to doubt the general evidence of a proportional effect of 
radiation; but it is also possible that linear extrapolations of higher doses to the 
small-dose range may not give a true representation of the problem. It is known 
for some kinds of cellular response to radiation that there can be no effective 
change in function until two or more similar critical entities within the cell are 
affected. Some kinds of observed injury, however, appear to depend upon the — 
effect on one critical entity per cell; and other observed injuries may be the 
result of damage to any one of a number of critical functional parts. The re- 
sponse that depends upon a chain of two or more detrimental changes shows a 
lesser apparent effect in proportion to radiation exposure at the low-dose ranges. 
Although this kind of irradiation response does not argue against extrapolation 
of radiation effect, it may explain a factor of —2 or —4 buffering against de- 
tectable radiation effect in the lowest exposure ranges; or it may even have the 
opposite effect, because radiation effect can add onto partially initiated dysfunc: 
tional changes in structures that otherwise would have remained functional. 

Radiation effect is most frequently estimated in animals that are rather uni- 
formly irradiated over the whole body. ‘Thus, we are usually generalizing from 
the observed result of whole-body exposure. In some studies (Kaplan), shield- 
ing a relatively small portion of the bone marrow from radiation may protect 
the animal from generation of thymic tumors. In others, local irradiation is 
associated with induction of cancer in that region, quite independently of ex- 
posure or shielding of the remainder of the body. 

The problem of estimating radiation effect and making recommendations con- 
cerning it is not the simple problem of avoiding exposure at levels at which there 
is a detectable or predictable response. ‘This is especially true when considering 
radiation effect through systems that allow proportional extrapolation to very 
small radiation exposures. It is always important to keep radiation exposure 
to a minimum; but it is also important in the understanding and evaluation of 
the relative importance of radiation effect to establish its place in the entire 
climate of factors that can modify health. Similar—and, at times, greater—effects 
upon health can be shown to result from a large number of common environ- 
mental factors. 

Also, the problem is not simply that of effect of body irradiation upon health. 
It is necessary to evaluate the effect upon human beings of all known phenomena 
resulting from the onset of the atomic age, including general socio-economic fac- 
tors related to our well-being, which are dependent upon progress and the devel- 
opment of useful energy. 


ADVANTAGES MINUS COST EQUALS NET GAIN 


The sum of evidence would lead to the conclusion that radiation probably 
does affect man’s health subtly, and—like money and time—it should be 
exchanged for equivalent advantages. 

Since the usefulness of atomic energy—including material and energy gain 
and defense measures of prime importance—is a positive result, and the radia- 
tion effect upon humans generally is a negative result of the atomic age, atomic- 
energy usefulness minus harmful radiation effect must be equated to the net 
gain. Therefore it is critically important to estimate hazard quantitatively, and 
to be mindful of other factors while doing so. However, there is no unanimity 
of opinion at this time as to the precise balance that should be achieved 
between advantages and disadvantages of use of atomic energy, because certain 
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qualifying factors are still too poorly known. Uncertainties exist which can 
mean either underestimation or overestimation of the effect of radiation. This 
brief synopsis roughly appraises the biological costs of exposure to radiation 
and presents information which must largely guide decisions in the interim until 
more precise information on radiation effect is available. 

A summary of current knowledge of radiation tolerance or hazard and fallout 
is provided in several major public documents that have appeared in 1956 in 
broad survey of the problems to man of atomic radiation and fallout.?**°°*' 


THE CONCEPT OF MAXIMUM PERMISSIBLE DOSE 


Early estimates of that amount of exposure to ionizing radiation which con- 
stitutes a permissible occupational hazard placed the upper limit at 0.1 r. per 
day. Such a value was exceedingly conservative in view of information avail- 
able at the time it was established. It is lower by a factor of 50 than chronic 
exposures leading to physiological disturbances and radiation sickness, and by 
a factor of 1,000 to 5,000 than the dose which, in a single exposure, might 
threaten life. Also, at the time it was proposed, 0.1 r. was the lower limit of 
radiation exposure dose known to elicit any biological response. Evidence on 
the magnitude of physiologic response of the individual to radiation in the range 
of a few hundred roentgens has not changed; but extensive information on 
effects of lower levels of radiation has recently appeared. This knowledge 
requires a reevaluation of the cost to humans of radiation exposure in terms 
of (a) genetic effects, (0) shortening of lifespan, (c) induction of cancers, 
(d) destruction of tissue, (e€) congenital malformation, and (f) effects upon 
young individuals. All these effects appear to be proportional to the exposure 
to radiation, and have been largely responsible for a recent downward revision 
in maximum allowable exposure to radiation. 


THE GENETIC EVALUATION OF RADIATION EFFECT 


Up to 1946 estimations of the genetic effects of radiation had placed the quan- 
tity necessary to double the mutation rate per generation in the fruitfly at about 
50 r. (Muller, Stern), but with some uncertainty, so that the true value might 
have been 80 r. or 35 r. At that time, there had been relatively little comprehen- 
sive evaluation of the range of genetic sensitivity to radiation in mammals or 
man. At the present time, the mutation rate per generation for the fruitfly is 
known to be doubled over the natural rate by about 50 r. (Stern). Through 
genetic study of irradiated mice (Russell), the amount required to double muta- 
tion rate per generation in the mouse is partially established also at approxi- 
mately 35 to 80 r. Wright has estimated from evidence now available that the 
mammalian mutation rate may be doubled by as little as 3 r. or as much as 300 r. 
The best current estimates place the mammalian mutation-doubling dose of 
radiation at about 50 r. (4). 

As an approximation, each species appears to form in natural circumstances 
about one new mutation in a generation time. The fruitfly lives a short time 
in about the same radiation environment (estimated roughly at 0.1 r. per year) 
asman. In its life span of 20 or 30 days, it can accumulate only the minute quan- 
tity of 0.008 r. Thus, if 50 r. in the fly produces an additional number of muta- 
tions equal to those which occur naturally, radiation can account for only a part 
of the natural mutation frequency, namely, the fraction 


0.008___ 1 
50 ~—- 6 ,000° 


Hence, at background radiation, only 1 observed mutant in 6,000 is suspect of 
being induced by radiation. In humans, the life span up to average reproduction 
age is about 30 years, lived in the same environment of 0.1 r. per year, or a 
total of about 3 r. by average reproduction age. ‘Thus, if 50 r. is estimated to 
double the human mutation rate, radiation from natural sources may be ex- 
pected to account for : 

3 1 


50. 17’ 

*National Academy of Sciences, The Biological Effects of Atomic Radiation—Summary 
report, 1956. 

4 National Academy of Sciences, The Biological Effects of Atomic Radiation—Report to 
the Public, 1956. 

5 British report, Radiation Hazards to Man, Cmd 9780. 

© Willard F. Libby, Current Research Findings: on Radioactive Fallout, Proc. National 
Academy, December 1956. 


7M. Hisenbud and J. H. Harley, Radioactive Fallout Through September 1955, Science 
124, 3215 (Aug. 10, 1956). 
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or approximately 6 percent of the naturally occurring mutations. If we accept 
the lowest possible value of 3 r. for the mutation-doubling dose, we would have 
as the fraction attributable to radiation 


eae 


and radiation could account for the entirety of mutation changes in humans. 

The fallout of radioactive materials through 1956 has increased the radiation 
exposure of gonadal tissue by an amount estimated as approximately 0.004 
r. per year (see table V-D) (largely from ingested cesium—137 (4) and de- 
posits on the ground (6)). This is an increase of approximately 3 percent 
over natural radiation exposure. 

The recommended limits of radiation exposure in man will be affected by 
information on the quantitative relationship between ionization and mutation 
and the understanding of the natural mutation burden. Should we estimate 
the level of radiation likely to double the natural mutation frequency in man 
as 25 r. or 3 r., we will be at least 2 to 20 times as concerned about the genetic 
problems associated with radiation exposure as we are under the current assump- 
tion that the human mutation rate is doubled to 50 r. 

Genetie studies of irradiated Japanese have been carried out by the Atomic 
Bomb Casualty Commission at Hiroshima and Nagasaki. A 10-year study 
las been analyzed by S. V. Neel and W. S. Schull. The principal 
result is that no measurable increase in mutation rates was observed. They 
measured biological characteristics that could reflect genetic state and genetic 
change, such as stillbirths, male-female birth ratios, and congenital malforma- 
tions. The results of all observations of this kind can be interpreted either as 
demonstrating no measurable increase in these events, which are associated with 
mutations, or as showing that, had the true congenital malformation rate been 
doubled, there would be only 90 percent probability of discovering even this 
increase. Thus a small increase in congenital evidence of genetic change would 
not have been detected. 

The results of the study of the Japanese indicate that the human genetic effect 
of radiation is acceptably consistent with the range of response estimated from 
mammalian genetic experiments; and it establishes with certainty that there are 
no catastrophic genetic effects at low to medium range of radiation exposure in 
human beings, although catastrophic effects are predicted at high levels of ac- | 
cumulated radiation exposure to whole populations. Many new mutations were 
probably produced in the Japanese exposed to the atomic bombs; but many 
of these may have been unobserved because of early lethality, and the rest are 
overwhelmingly diluted by the vast number of normal genes. This dilution was 
expected; and the statistical odds are known to be very greatly against the 
appearance of unfavorable and detectable combinations of mutant genes in any 
one generation of offspring. 

Genetic change is, of course, basic to the concept of the Darwin principle of 
evolution. For this reason, it is possible that some increase in the mutation rate 
might be to human advantage in the long run by providing a greater pool of 
variance from which selection could take place, to our final advantage some 
thousands of years from now. Some brief speculation regarding the extreme 
limits of variation may be offered: 

(a) Humans and other long-lived animals have, as a corollary of their longey- 
ity, a less frequent natural mutation rate per gene per unit of time than short- 
lived species. As an approximate rule, each species appears to have about the 
same mutation rate per generation time. Thus, it appears that species are in 
some balance between generation time (or lifespan) and stability of genetic 
structure. 

(b) Testing biological capacity for survival under circumstances that increase 
genetic variation is possible only with species having relatively short generation 
times. They have a common feature of a potentially great ratio of progeny per 
parent. These species can therefore survive even if a relatively high proportion 
of conceptions are incapable of survival and reproduction. Humans in natural 
selection are at some disadvantage in comparison with species producing a large 
number of offspring per generation, such as the mouse or the fly. Thus, human 


8 Reported at the First International Congress on Human Genetics, in h i 
August 1956. 3 » in Copenhagen in 
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genetic tolerance should not be judged from effects of radiation exposures on 
these more fertile populations. 
(c) For survival of a species, the ratio 


Reproducing offspring 
Individual 


In humans, lowering of infectious disease toll has brought this ratio to approxi- 
mately 2. As a consequence, the human population is now doubling in numbers 
approximately every 40 years. Thus, humans have already achieved some pro- 
tective reserve against genetic changes toward lower fertility. 

(d@) On a seale of catastrophic genetic misfortune, humans also have the pro- 
tection of vast numbers of individuals. There are 2.6 billion inhabitants of the 
world. While this number is small compared with numbers of insects and small 
mammals, it is still a very large number compared with that of any previous age 
in the history of man. Radiation exposure, as a cause of genetic change and in- 
crease of genetic variance, would be expected to produce that change ina random 
way. Thus, even with a large increase in genetic variance induced by radiation 
exposure, if population numbers are sufficiently great, some individuals will re- 
main relatively unchanged. If these individuals were favored in selection, they 
might replace the less fit, less fertile fraction of the population. Thus, if sur- 
vival of mankind were the only consideration, population numbers might, through 
reduction and segregation, achieve selective retention of adequately functional 
humans. 

Several approaches to evaluation of extreme tolerance of human populations to 
radiation exposure with respect to health and genetic constitution are presented 
in appendix B. These methods of estimation are difficult and speculative; but 
they indicate that an additional 2 r./per year (or 50 r. per generation time) of 
chronic radiation exposure to the average individual in the human population 
would eventually cancel health and lifespan gains we have achieved recently. 
Such estimations of impairment of health and estimations of the cost of increas- 
ing the genetic variance suggest that human population cannot afford the bio- 
logical cost of this intensity of chronic radiation exposure, and that there should 
be extreme caution at this time against increasing the radiation exposure to all 
people by 10 times over its natural level. 

Evolutionary benefits? 

It seems possible that human evolution is occurring in some optimal balance 
between mutation tendency and genetic stability. Fertility, length of life, 
death rate, and individual usefulness may be highly affected by the number 
of accumulated new genes, ® which both add to favorable evolutionary drift in 
average human vigor and add to the pool of undesirable genes to be selected 
against. At low radiation levels, such as 10 percent or 1 percent above the 
natural radiation background (the range of fallout effect), it seems unlikely 
that long-range genetic disturbances can become an appreciable problem, since 
the natural radiation background appears to account for only 10 percent of 
the change in genetic structure per generation. One may speculate further 
that, in the long run, man may be beneficially affected by good genes yet to be 
formed, so that increasing radiation exposure and the mutation rate may operate 
to human advantage. Such an argument is unlikely to convince men who under- 
stand some of the dangers of too great a burden of undesirable mutants; it is 
analogous to an attempt to convince the experienced cook that the baking of 
her prize cake would be accomplished in half the time at higher oven temper- 
ature. 

Penrose has evidence of indirect beneficial effect of some recessive lethal 
genes, which appear to enhance the effect of the functioning gene with which 
they are matched in individual combinations. This effect is one in which mut- 
tation may beneficially add some variance to genetic functional characteristics. 
On the whole, however, there is a strikingly large mass of information indi- 
eating that any genes that can disturb function should be kept to an absolute 
minimum. 

Unfortunately, there are still many unanswered questions facing geneticists 
on the topic, “What is the effect of undesirable genetic burden on the quality of 
humans?” Fully satisfactory experimental measures have yet to be applied to 
this problem. One approach that has led to considerable speculation is through 


= must exceed 1. 


® Transformed genes are, with rare exception, nonfunctional, lethal, or undesirable, 
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estimations of the numbers of undesirable mutations carried by the average 
person. Hstimations of this burden place it within the small range of 5 to 15 
undesirable genes per average individual” (4). This value is the equilibrium 
resulting from approximately one such gene gained and one lost in each genera- 
tion." Thus it has been pointed out that if, through increase in radiation ex- 
posure, the genetic gain of undesirable genes increased from 1 per generation 
to 2 per generation, there would be a relatively great reduction in the quality 
of the best 25 percent of individuals (assuming that reduction in quality of 
offspring is proportional to the number of undesirable mutations per individual). 
Because of speculative—but reasonable and cautious—arguments of this nature, 
geneticists have uniformly cautioned against allowing any major proportion of 
the population to accumulate radiation as high as 50 r., which is the amount 
estimated to double the human mutation rate. 


LIFE-SHORTENING EFFECTS 


Life-shortening effects of radiation have been observed under a variety of 
experimental conditions. An experiment of particular significance because of 
the large numbers of animals and the range of exposure was the exposure of 
mice to nuclear detonation at “Operation Greenhouse” (Furth et al.). The frac- 
tion of life span lost per unit of radiation exposure appears to be essentially the 
same for a number of species, including the mouse, the rat, the guinea pig, the 
rabbit, and man. The largest number of experimental observations concerns the 
mouse. In the mouse, the fraction of the life span lost per unit of whole-body 
radiation exposure is acceptably constant over a wide range of variation in 
radiation exposure. The tentative conclusion is that radiation effect simulates 
aging itself, and that a unit of radiation exposure, regardless of the intensity 
and duration of exposure, produces approximately the same relative disturbance 
to body structure in adults of all mammalian species. On the human life span 
scale, these effects of radiation summarized from small-animal data suggest that 
1 r. of radiation exposure is equivalent to 5 to 15 days of physiologie aging. 
This prediction is confirmed directly in man (with reasonable technical reserva- 
tions) by Dr. Shields Warren’s recent investigation of life span of radiologists 
compared with physicians not using radiation in their practice of medicine. 
The average age at death is approximately 6 years less for radiologists than 
for physicians in general practice or for pathologists, both selected as being 
relatively unexposed to radiation. The estimation of accumulated radiation ex- 
posure in radiologists is uncertain, but has been approximated as 300 to 500 r. 
Thus, the life span loss, if attributed to radiation, is 


—6 years x 365 days/year __ 
300 r to 500 r Wy 


Such a number is still subject to considerable possible revision; but many differ- 
ent estimates give values of 1 to 30 days lost per roentgen of radiation exposure, 
and the probable value for humans is in the range of 5 to 10 days lost per 
roentgen. 

A question exists whether we can justifiably extrapolate effects such as life- 
span lost per roentgen from measures that are mostly determined in the range of 
100 to 1,000 r. The evidence is that, over the range that can be tested, the 
effect is linearly proportional to the radiation exposure; and the information 
fits an extrapolation to zero shortening of life span at zero artificial radiation 
exposure. There is additional evidence in the effects of radiation upon cells (as 
distinguished from entire organisms), in which lethal damage to cells per roent- 
gen also appears to be proportional to total radiation exposure. Such estimates 
agree for cells in the mouse, the rat, the rabbit, the guinea pig, and man. This 


—7 to —4 days per r of whole-body exposure 


1 Some individuals may have none. The fraction having none or very few diminishes 
steeply with increasing average numbers of undesirable mutations. Thus, doubling the 
burden of mutations may reduce the numbers of individuals having desirable genetic 
combinations to rare events. 

11The average mutation frequency of 1.5 spontaneous mutations of human genes per 
generation, as summarized by Penrose, corresponds to 30 mutations per million genes per 
Hp eked assuming ae sco pa have about 50 ;000 genes: 

mutation r gener n 
u Ss per generation X 50,000 genes per individual 45 mutations per idrvidual 


1,000,000 genes 
per generation. 


The average mutation rate may be less than this estimate, since one may suspect that 
the genes usually observed to mutate are perhaps 10 times as mutable as the average gene. 
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experimental evidence that effect of radiation on cells is in linear proportion 
to radiation exposure of from 15 to several thouSand roentgens provides a rea- 
sonable basis for understanding the life-shortening effects of radiation. 

Furthermore, the life-shortening effects are consistent in order of magnitude 
with the genetic effects of radiation upon cells (2 to 8 cells affected per 1,000 
cells per roentgen). The genetic effect of radiation has been shown to be ac- 
ceptably proportional to radiation exposure from 25 r to 8,000 r. 

The sum of systematic evaluations of such effects of radiation as mutation 
induction, cell destruction, and life-span shortening indicates that these effects 
are permanent and represent the quantum interactions of radiation randomly 
affecting body cellular structure. The concept of quantum interactions with 
matter justifies extrapolation to the probability that a single quantum of radia- 
tion reacts with an individual molecule. 

Although all recent evidence suggests that radiation effects is proportional 
to radiation exposure, such effects must be viewed together with other common 
environmental factors that modify health. A scheme is used here in which vhe 
effects upon health is expressed as an induction of aging (this is expressed as 
loss in physiologic lifetime, or minus time, written ‘“—wn years”) or as a post- 
ponement of aging (expressed conversely as lifetime gained, or plus time, 
“1m years’”)." These factors all appear to have a general action upon disease 
tendency, and the effect is about the same at any adult age. The list of relative 
displacements of physiologic age (table I) is given for factors that accentuate 
aging or loss of life span (expressed as minus time) or retard aging (expressed 
as plus time). These measures are derived directly from human records. They 
are grouped according to whether they appear to be reversible or permanent. 
Most of the effects that are not partial measures of the same state are apparently 
additive, in the few instances that can be tested for this property. (See p. 1107.) 

Certain of these circumstances that modify health are partially interrelated, 
others may be independent of one another. Estimates of effect upon physiologic 
age may be additive, depending upon the extent to which they are independent. 
Thus country against city dwelling may be suspected to include the factor 
estimated as exercise benefit. The lipoprotein test already contains information 
that can be estimated partially by relative overweightness, and the lipoprotein 
tests already accounts for a portion of the smoking effect. Familiar inheritance 
is independently estimated from each ancestor; male against female differences 
are equally added to city against country effects, and presumably each separate 
disease sign in the impairment study is additive. 

In further support of the additive nature of effects upon health, each mor- 
bidity circumstance that can be quantitatively estimated produces an effect 
proportional to the intensity of the circumstance. Examples of proportional 
change in mortality risk with morbidity severity are: 

(a) Overweight : —0.17 year for each percent overweight 
(6) Smoking: —0.45 year per cigarette used per day 
(c) Radiation: —5 to 10 —days per r. of whole body radiation 
8 cells killed per 1,000 cells per r. (marrow and lymphatic tissue) 
4 cells with chromosome breaks per 10,000 cells per r. 
1.4 percent increase in lukemia per r. 
(d) Atherosclerosis, diabetes, nephritis: End effects are proportional to severity 
of metabolic error 
(e) Accidents are proportional to exposure risks 

A somewhat similar tabulation can be made of an estimation of the cost of 
industrial and transportation progress in this century in terms of years of life 
span lost by accident death, distributed to the average individual in the popu- 
lation of the United States (table II). These values are approximately com- 
parable to the preceding values based upon changes in physiologic age. (See 
p. 1108.) 

In about the same way, we can tabulate the effects on life span of radiation 
reeeived (table IIT). 


2 This estimation of life span lost or gained is in terms of relative physiologic age 
change. Change in life expectancy may be estimated by determining life expectancy at a 
even age in terms of a given age+ years’ change in apparent age. Thus, a person of age 

0 has a normal life expectancy of 31.1 years. If his physiologic age is 50 (because of a 
sum of factors predicting —10 years age over the ete his life expectancy (from life 
tables) is 22.8 years, or an average loss of life span of 8.8 years, ‘Thus the life expectancy 
lost in somewhat less than physiologic time lost. 
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TABLE III.—EHstimation of radiation effect upon health and life span 





Life shortening (in years) 
Radiation received yf 
Ifl.r.=—5 | Ifl.r.=—10 


days ! days ! 
(r.) 
602 oo edacetecsip te nihknwe. 2a. oe ee eee ee eee ee ee ore —0.7 -1.4 
1 LY penn aa again A ayia he tk ls SS cma -1.4 -2.7 
1 ee iain 8 pad osha Ld a eh moaned etree OL Ey ok bt Bie pee gee, pelen pene aie -—2.7 —5.5 
400; lbs 342 CORLL 228 i ee 8 APE PRIOR Rte hs 05 Rate —5.5 —11.0 


12 columns are given because of uncertainty whether |. r.=—5 days or —10 days. 


Thus it is observed that, although the estimated effect of radiation upon life 
span is a number worth attention, its magnitude of effect at low accumulated 
dosage is slight compared with many public health problems. It must be 
remembered that major problems such as smoking and overweight and fat 
metabolism are so subtle that they are estimated and established not by clinical 
methods but rather by statistical (actuarial) researches involving large popu- 
lation samples. The effect of smoking 1 pack of cigarettes per day, for example, 
appears equivalent in reduction of health and life span to the effect of between 
200 and 400 r. of accumulated whole-body radiation. This is several times 
as great as the 50-r. limit currently recommended for occupational exposure; 
and 50 r., in turn, is on the order of 10 times as much as the individual would 
accumulate through fallout. If the life-span loss is estimated as 5 to 10 days 
per r. of whole-body exposure, the loss due to 50 r. falls within the range of 
—0.7 year to —1.4 years of life span. This effect is greatly exceeded by the 
magnitude of the smoking problem; the obesity problem; the probiems of 
atherosclerosis, diabetes, and all the chronic diseases; the benefits of marital 
status; ete. The effect of 50 r. of whole-body exposure to the general populace 
can also be viewed as being in the same category of life-span loss as that which 
results in the population of the United States from use of the automobile. This 
estimation, however, does not include the problem of the mutation burden in 
the next generations following such radiation exposure. 


SUMMARY OF THE FALLOUT PROBLEMS ON A GLOBAL BASIS 


On a global basis, the fallout intensity of radioactive materials is no more 
than one-millionth of the high-level fallout that occurred by mishap in the 
vicinity of a thermonuclear explosion in the Marshall Islands in Ooctober 1954. 
Current estimations made directly in humans throughout 1953-56 place the fall- 
out exposure from strontium 90 as being, on the average; sufficient to produce 
an irradiation effect of approximately 0.004 r./year to human bones. This is a 
small quantity of radiation—2 percent of naturally occurring bone radiation— 
and estimates of effects derived from this additional tissue burden will be cor- 
respondingly small compared with other human problems. 

At the present time, according to the Libby report (October 1956), there is 
in the stratosphere about 2.2 megacuries of Sr-90,% and a similar quantity of 
cesium 137.% If all the material in the stratosphere (in the fall of 1956) were 
to descend upon the surface of the earth uniformly, the amount of either Sr—-90 
or Cs-137 would be about 12 millicuries per square mile. The time of retention 
by the stratosphere of highly dispersed fission products is on the order of many 
years. Measurements indicate approximately 10 percent fallout per year and 2.5 
percent radioactive decay. As about 25 percent has been added to the strato- 
spherie reservoir of dispersed fission products during the past 2 years, the level 
in the stratosphere has remained nearly constant over that time. The quantity 
of Sr-90 in the soil of the United States is somewhat greater than expected 
from the fallout estimated on an average global basis; in the far west it is 


13 Strontium 90 has a half life of 25 years and decays by emission of a B particle of 0.54 
Mey. maximum energy to produce yttrium 90. Yttrium 90 is short lived (half life 65 
hours) it decays to the stable zirconium by emission of a g particle having a maximum 
energy of 2.24 Mev. Because of the short half life of the daughter product and the 
probable insoluble chemical form of yttrium, the radioactivity of strontium 90 is equivalent 
to both its own beta decay and that of yttrium 90. 

14 Cesium 137 has a half life of 33 years and decays by & emission (0.52 Mev. maximum 
energy) with associated y emission (0.66 Mev. energy. 
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23 m © of Sr-90 per square mile, This is due to the heavier fallout in the near 
vicinity of a nuclear exposion. 


Strontium 90 distribution to September 1955 
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The specific ratio of Sr—90 to normal calcium is a convenient way of expressing 
the Sr-90 problem.45 This is because strontium closely follows calcium in 
chemical behavior. The levels of Sr—90 directly measured in young human bones 
during the period up to October 1956 are in the vicinity of 0.0038 r/year to the 
bone. Strontium 90 is deposited preferentially in the bone by a factor of more 
than 100 over the soft tissues, so that only the bones need be considered with re- 
gard to this isotope. 

The Libby report estimates, on the basis of a balance between accumulated 
fallout of Sr-90 into the soil and uptake by cattle and man, that in America 
the human ratio of Sr—90 to calcium may eventually become 10 to 30 percent 
of that observed in the topsoil. The report estimates that Sr—90 now held by 
the stratosphere, in descending to the earth over the next 4 years, will produce 
a human Sr-90 concentration of from 0.016 to 0.088 r./yr. (0.004 to 0.010 
MPC”), assuming that no further Sr-90 is added. The range of this expected 
gain of radiation exposure is equivalent to the extra cosmic radiation exposure 
experienced by individuals dwelling at altitudes of 5,000 feet (e. g., Denver, 
Colo.) compared with individuals at sea level. The estimation assumes that 
there is a selection factor™ favoring calcium over strontium in uptake from 
soils into the plant and into the cow and into the human bones, so that 70 to 
90 percent of the soil strontium is rejected in favor of calcium. 

Botk human adults and stillborn babies have similar concentrations of Sr-90 
(i. e., Similar Sr-90/Ca ratios). This is to be expected, since the developing child 
draws its calcium from the maternal calcium pool, which is in partial equilibrium 
with maternal bone. Both these human sources of measured Sr—90/Ca have been 
placed during 1954 and 1955 at approximately one-sixth of the value for cow’s 
milk; the resultant adult human bone irradiation value for this period is about 
0.0019 r. yr. (0.0005 MPC) from the Sr—90 content. Reported values for adults 


18 A convenient concept, established by relating irradiation of bone to bone cancer, is that a maximum 
permissible concentration (1 MPC) of strontium 90 is equal to 140 Sr-90 per 1,000 grams of calcium. The 
concentration of calcium in the bones is such that 1 MPC can also be expressed as 1 »C Sr-90 per 7,000 grams 
of bone. ‘The concentrations of radioactive strontium are usually expressed in units of 0.001 MPC; the 
equivalence is 0.001 MPC=1.4X10-7 nC Sr-90 g of bone, corresponding to 0.0038 r/year. 

16 MPC=maximum permissible concentration. 
17 Harrison et al. have evidence that elemental strontium-to-calcium ratios, compared 
in food, blood plasma, and bone, are strikingly different ; for man they are: 
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This is confirmed by Comar in observations using radiostrontium and radiocalclum 
simultaneously added to the diet. In Comar’s observations for milk, the discrimination 
achieved against strontium in the deposition ratio of Sr/Ca may be less than that for other 
food sources, in which strontium and calcium may have different chemical binding. 

The problem of a protective discrimination for humans against the uptake of the maxi- 

mum Sr—90/Ca ratio is Biveanied in the Libby report. At this stage of understanding, this 
apparent reduction of Sr/Ca in bones of humans compared with soil, plants, or animals 
seems to reside partly in the large calcium pool of the adult cow’s body, which constantly 
dilutes incoming strontium and calcium so that milk, at present, is always intermediate 
in Sr/Ca ratio between the cow’s bones and the forage. Similarly, the human calcium 
ppol dilutes incoming Sr/Ca (largely from milk products) so that human bones at this 
ime always have a lower Sr—90/Ca ratio than cow’s milk or cow or calf bones. The 
content of children’s bones is much higher than in adult or stillbirth material. There is 
s0me evidence for atomic discrimination between strontium and calcium, but the problem 
needs further study to determine how much of Sr—90 uptake by bone is lessened at fallout 
equilibrium. If only dilution operates, with little or no discrimination, humans will 
develop a higher Sr—90 level than is now expected. 
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did not exceed 0.004 r. yr. in the sample studied, except for one individual meas- 
ured at 0.008 r. yr. This is a very Small number in terms of radiation effect. 

If, in the fallout to be expected, the discrimination against Sr—90 in its course 
from soil to plant to human bone is by only a factor of 50 percent instead of a 
factor of 70 percent to 90 percent, Libby’s estimate of the future Sr—90 concentra- 
tion would have to be increased to 0.075 r. yr. (0.020 MPC), based on the present 
stratospheric and soil burdens. This level of Sr-90 would represent an additional 
radiation exposure to the bone, equivalent to the additional cosmic radiation ex- 
perienced by those who dwell at 10,000 feet in this latitude. 

Libby has estimated, from soil calcium levels, that ?f the entire Sr—90 burden 
reached the soil and humans came into equilibrium with the top 2 inches of 
average soil, humans would eventually approach a maximum value of 40 puuC 
Sr-90/g Ca, or about 0.15 r. yr. of bone irradiation. Such a value would approxi- 
mately double bone irradiation over natural radiation. 


ESTIMATION FROM HUMAN BONE ASSAYS OF FUTURE HUMAN BONE CONCENTRATIONS 
OF STRONTIUM 90 


The uptake of Sr-90 has been directly measured in human bones as a function 
of age, and of location and time of collection (Libby, (5) Kulp et al.). The fol- 
lowing summary conclusions can be drawn from analysis of this information: 

1. Strontium 90 content of the bones in human stillbirths is increasing and, on 
the average, is estimated from Libby as follows: 





Percent 
United States of America puC Sr-90/g. Ca increase 
per year 
December: 
1953 | SE oe BREE eee eee ee 2 ee 2 ee ere ae O94) eee a ae 
p25: Ge eee i ae de Ae Pe ae tos le OO ob Bork ha ak A ro ae Wine 5 Oe eae, Bre rth . 30 114 
O55. 42. SAREE 2d Soe RAEEEE oboe U5 bas PARLE Sat 154 1) ALAS OPM 2 
1966 Sts Gaga ott on ole hata es Ort ryt Gl aly: canis 1(1. 3) (100) 
i Extrapolated. 


2. The bones of stillborn humans have a much lower Sr-90 content than 
those of year-old children. The Sr-90 content of children’s bones, which may 
be averaged from the Libby report, is given in table IV. This table is repre- 
sentative. of the Sr—90 concentration observed in children of early ages at 
two study intervals, namely September 15, 1954, and August 1, 1955, average 
collection dates. Newborns (stillbirths) have a much lower Sr-90 concentra- 
tion, because the uterine source of Sr-—90/Ca has some intermediate value be- 
tween dietary Sr-90/Ca and adult tissue-bone Sr-90/Ca. The value for still- 
births, as of January 1955, is 0.381 uuC Sr-90/g Ca; at this same time, growing 
children, age 0 to 5 years, are laying down Sr-90 at 2 wuC Sr-90/g Ca. Thus, 
the fetal tissues appear to have available to them only 0.81/2=0.16 as much 
Sr-90 as the growing child. This is a reasonable fraction, considering the 
lesser relative amount of milk products consumed by the average mother and 
the fact that her tissue stores of calcium are largely from the prefallout era. 
The growing child at each interval of growth (i. e., 0 to 1 year, 1 to 2 years, 
etc.) dilutes the entering Sr-90/Ca by the existing quantity of Sr-90/Ca 
already present in the body. However, analysis of the increment increase in 
Sr-90 content shows that children of all ages are consuming and laying down 
equivalent concentrations of Sr—90/Ca, and that in January 1955, this concen- 
tration was approximately 2 wuwC Sr—-90/g Ca. 

On this date, three sources of milk showed the following ratios: 


Radiostrontium content of milk samples, January 1955 
und Sr-90/9 Ca 
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Since growing children have milk as their chief source of Sr-90, it is as 
expected that the value of milk closely approximates the concentration of 
Sr-90/Ca being deposited in growing bones. These values imply that, should 
milk remain as it was in January 1955, all children born close to this date 
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will eventually have in their bones an average concentration of Sr-90 of 
2 puC Sr-90/g Ca. 

However, the milk Sr-90/Ca is increasing, and has been increasing since 
monitoring of milk was begun in 1953. EHisenbud’s report * gives the following. 


! 
TABLE 1V.—Strontium 90 content of cildren’s bones (from Libby report) 





Weight Sr-90 content Sr-90 content 
in newly 
formed 

Age Average at Aug. 1, June 1, bone ! (cor- 

measure- A/yr. 1954, to 1955, to responding 

ment Nov. 1, Oct. 1, to January 

1954 1955 1955) 
ppC Sr-90/9 | uuC Sr-90/9 | ppC Sr-90/g 
kg k Ca Ca Ca 
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1 See the following: 


A pC Sri Sr/Cacy xX wt (t,) —Sr%/Ca ct) x Wtc1,) 12.0. 
AgCa a A wt(t,_t) 10.5 


(The 12.0/10.5 is the correction factor for 10.5-month time interval Sept. 15, 1954; to Aug. 1, 1955.) 


Sr-90/Ca content of milk in the New York area 


Date: 
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The minimum estimate of future average human burden of Sr-90, then, is that 
5 puC Sr-90/g Ca will be present in the bone. This corresponds to the latest 
reported value for milk concentration and to the fact that bone acquisition of 
Sr-90/Ca in growing children is very similar to milk Sr—90/Ca. 

A difficult current problem is the estimation of future Sr-90/Ca in milk. The 
level of Sr-90/Ca in milk is increasing, and, by linear extrapolation, may be ex- 
pected to raise the Sr-90 concentration in a year’s time (by September 1957) to 
about 7 wuC Sr-90/g Ca. At this date, accumulated fallout of Sr—90, based upon 
the quantity estimated at the time of the Libby report, may be about 25 percent ° 
to 50 percent of the amount initially dispersed in the atmosphere. Since the 
Libby report was written, other nuclear detonations have occurred, so that it 
would be very reasonable to assume that fallout; by some 10 years from now, 
should have increased milk levels significantly. For lack of better information, 
we may assume a factor of, say, 3 to 5 times as much as September 1957 (allow- 
ing for residual hold-up in the atmosphere and for decay of Sr-90). Thus, milk 
levels and human bone levels by 1967 may be 20 to 35 wuC Sr-90/g Ca. 

An additional factor must be considered, which may require that these future 
estimates be even higher. Cows, in body content of Sr-90/Ca, may be expected 
to lag several years behind the plant and soil levels. This is because of the large 
calcium reservoir in their bones and other tissues, and because the start of growth 
to milk-producing stage preceded current time by 4 or more years; moreover, 
the food consumed by dairy cows is customarily stored for many months before 
itis eaten. It is difficult to estimate that point in fallout time that corresponds 
to current milk values; it seems likely, however, that the Sr-90/Ca content of 
the bones of pasture-fed calves approximates the Sr-90/Ca level that adult cows 


18 Merril Eisenbud, Global Distribution orf Radioactivity From Nuclear Detonations 
With Special Reference to Strontium 90, Washington Academy of Sciences, fall symposium, 
November 15, 1956, Washington, D. C. 
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would secrete in their milk, were they in more rapid equilibrium with fallout. 
The following table, derived from values averaged from Libby’s and Hisenbud’s 
reports, shows that calf bones are approximately 60 percent higher in Sr-90/Ca 
content than milk. Thus, future estimations of Sr—90 levels should be at least 
60 percent higher than the 20 to 35 wuwO Sr-90/g Ca estimate, or, say, 30 to 50 
puC/g, in round numbers. 


Strontium 90 content of various materials (in ppO/g Ca) 


Mid-1953 Mid-1955 Mid-1956 
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It appears that the Sr-90/Ca of cow’s milk is a close index of the concentra- 
tion of strontium in newly acquired human bone. Current milk levels suggest 
that children’s bones in the next decade will approach an average concentration 
of approximately 50 uuC Sr-90/g Ca. This is in close agreement with the estima- 
tion by Libby of a minimum average concentration of Sr—90 of 10 to 40 wuC Sr- 
90/g Ca. These estimates do not consider local variance in the United States, 
nor, with respect to future concentrations, the special problem of high-rainfall 
or low-calcium areas. 

The upper value of approximately 40 uuC Sr-90/g Ca has been set by Libby 
upon the consideration that this is the projected specific concentration ratio when 
ali the fallout is complete and mixed with the average calcium content of 2 inches 
to topsoil. There does not seem to be a way of independently confirming the 
upper average limit of radiostrontium concentration from observation of milk or 
bone. The biological concentrations are increasing rapidly with respect to time, 
approximately following the level of total accumulated fallout, and 40 puC 
Sr-90/g Ca may not truly be a limit. 

Whatever the speculation concerning future levels of Sr-90 in humans, we 
can be certain that current values (1956) represent a low level. If we translate 
a small dose such as 0.0038 r./year (0.001 MPC) into numbers predicting 
an increase in leukemia mortality (an estimate may be based upon tentative data 
that leukemia tendency may be doubled by 50 r. whole-body exposure ”), an incre- 
ment of 

0.0038 r./yr. X50 years mean life span _ 


50 r./tumor doubling pans? 


or 0.4 percent increase in leukemia, is estimated. Since there are only approxi- 
mately 8,000 cases of leukemia deaths reported in the population of the United 
States per year (plus 2,000 cases of bone-tumor deaths, which may be similarly 
affected by radiation), such a radiation burden is equivalent to an increase of 
40 cases per year after 50 years’ equilibration with this level of fallout. If radia- 
tion fallout and uptake of Sr—90 in human bones were to increase by a factor of 
10, one could estimate 400 additional cases of bone tumor and leukemia induced 
per year after a 50-year period, in comparison with 1 million deaths from all 
causes and 10,000 expected deaths from leukemia and bone tumors. Both above 
numbers are small in comparison with overall public health problems. 

Although there are some sizable uncertainties regarding Sr-90 burdens dur- 
ing the next 10 to 20 years, it seems from the average human values that Sr-90 
may increase and become a public health problem if levels should rise to 50 
uu CSr-90/g Ca (equal to about 0.2 r./yr. to bone). There is time—but not much 
time—for a reevaluation of many unsatisfactorily estimated aspects of this 
problem, including the extent to which radiation exposure induces leukemia and 
bone tumors, and more precise estimation of the strontium levels in humans. 


1° This number may be high, since it 1s based upon whole-body radiation exposure, while 
induction of leukemia by Sr—-90 exposure is the result of direct irradiation of bone and 
marrow, the specific tissues involved in the leukemia change. 
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At the reference level of 1 MPC of Sr-90 burden, which is 4 r./yr. to bone, an 
estimated increase in bone tumors and leukemia is 


4r./yr. 50 years 
50 r. per doubling of incidence of tumors’ 


or an approximately fourfold increase in natural expectancy of these neoplasms 
with respect to the radiation-related component of their origin. This level may 
be reached by humans as a result of Sr-90 fallout. At some such value, reason 
argues against further exposure. The 1-MPC value based on radium exposure 
is consistent with a prediction of a fourfold increase in natural incidence of 
tumors. It would be difficult to observe a fourfold increase above natural 
incidence of bone tumors in animal-colony studies with radium, but not at all 
difficult in large human populations. 

In summarizing their opinion for the British Report Cmd 9780, Mayneord and 
Mitchell write, “It appears however that each unit quantity of radiostrontium 
absorbed by bone confers a certain probability of bone-tumor formation, the 
tumor development time perhaps decreasing and the tumor incidence increasing 
with the dose. On the whole, the experiments seem in favor of a proportionality 
between the frequency of tumors produced in a given length of time and the 
amount of radioactive material in the body even at low-dose levels.” 

The problem in the experimental animal is that the frequency of bone tumor 
appearance is so slight that statistically significant increases in the frequency 
are not to be expected as a result of irradiation. The human problem is similar 
in that osteogenic sarcoma and leukemia are relatively unlikely occurrences, 
together causing about 1 percent of adult deaths in the United States, so that a 
small percentage change in incidence caused by radiation could not be distin- 
- guished from random fluctuation, and a relatively large fractional increase in the 
number of these cancers would not appreciably increase the total death rate. 

No gross evidence of osteogenic sarcomas has been observed following admin- 
istration of P-32 (approximately 100 rep to bones) to polycythemia vera patients. 
However, these patients do have a high incidence of leukemia. This leukemia 
tendency is probably attributable to both the radiation exposure and the nature 
of the basic disease of the blood-forming system in these patients. 

Special phases of the Sr—90 problem need additional examination : 

(a) In several areas of the world, Sr—90 concentration exceeds the average 
world values by more than a factor of 10(4, 5). This excess poses questions as to 
the origin of the enhanced concentration. Toa reasonable extent, it is explained 
by Libby as calcium deficiency of soils in such areas. Rainfall variation also 
leads to variation in fallout. It will be useful to know more about these anoma- 
lous effects. Current worldwide sampling is perhaps far from representative of 
the world as a whole, because special effort was made to seek out low-calcium 
high-rainfall areas. 

(bo) There may be a factor-of-8 difference between Sr-—90/Ca concentrations in 
soil and in humans, resulting from discrimination in favor of calcium (Libby) ; 
this must be further studied. 

(c) Some factor of uncertainty must be allowed for in the prediction of levels 
today and in the early future of Sr-90 in humans, considering that the most 
recent of these measures are based on early 1956. These uncertainties may 
amount to a factor of somewhat more than 10. 

(d@) Although it is unlikely that all these factors would reach their maximum, 
nevertheless, the total uncertainty in the estimated human burden of Sr-90 
throughout the world could mean an upper limit of 10*8x10XLibby’s lower 
estimate of exposure in the near future, 0.02 r./year, which works out to about 
15 r./year or 4 MPC. This possibility indicates that the Sr—90 fallout problem 
urgently calls for further attention. 


CESIUM-187 FALLOUT 


The Cs—137 problem is quantitatively similar to that of Sr-90. These two 
fission products are present in the air and in fallout in approximately equivalent 
quantities (5), and they have similar decay rates. Whereas strontium is a 
bone seeker, cesium is found in approximately equal quantities throughout the 
body, though less in bone than in soft tissues. Its distribution roughly approxi- 
mates that of potassium. Furthermore, cesium is not retained by the body. 
Thus, the cesium burden at any given time rapidly reaches equilibrium with the 
rate of fallout, in the potassium pool in plants and animals. 
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Marley, in the British report (4), writes (p. 124), “The highest body-activity 
detected so far in the United States is found to be 4X10°uC. This activity if 
maintained would produce a total body irradiation of 0.0006 r per year or about 
one-thirtieth of the dose due to naturally occurring potassium—40 in the body.” 
Since this time in early 1956, the fallout. level and fallout rate of Sr-90 have 
been increased only slightly, so that we may assume that the Cs—187 level in 
man, which is more reflective of immediate fallout, may have risen by as much 
as a factor of 2. It should remain nearly at this level, estimated as a maximum 
of 0.0012 r/year, for an indefinite period. 

Cesium-137 body burden at 0.001 r/year is certainly not to be considered an 
adult hazard. With a linear relation between effect and dosage, 0.001 r/year 
over a lifetime would be less than 0.1 r, and irreversible accumulative effects of 
radiation, such as leukemia, might be increased by less than 


0.1 r. 


50 1. leukemia-doubling dose oo” 0" > percent. 


Stated in terms of life span lost or of the total tendency toward disease, 0.1 r 
Cs-1387 dose X—10 days of life span per r amounts to 1 day lost from the life 
span. A loss of 1 day is very small compared with health-modifying factors 
that are measured in years instead of days. Thus, in comparison with the 
smoking problem, the leng-term effect of Cs-137 is approximately one-forty 
thousandth as deleterious. Only this extraordinary method of estimation by 
extrapolation of effect can convince the human reason that there is any such 
effect at all; even the best statistical procedures could not detect it through study 
of the most accurate data on the 160 million people in the United States. A 0.2 
percent increase in leukemia (which is approximately 0.0028,000 cases per 
year) is just 16 additional cases. This 8,000 expected normal incidence can 
fluctuate by random interplay of chance factors by plus or minus 1 percent, 
equal to 80 cases per year; thus, 16 cases of increased incidence cannot be 
detected. 
THE LEVEL OF RADIATION EXPOSURE FROM FALLOUT 


The total increase in background radiation on a global basis, as a consequence 
of radioactive fallout, has been very slight. In the preatomic age, natural 
sources of radiation produced an average radiation exposure of 0.1 to 0.2 r/year. 
The variation is due to slight geographic differences, to differing radioactive 
content of earth and buildings, and to the variation of cosmic radiation with 
altitude. At 5,000 feet above sea level, cosmic-ray intensity (measured by num- 
bers of ionizations produced in matter) is increased to 1.5 times the sea-level 
intensity of cosmic rays; at 10,000 feet, the cosmic-ray ionization is 3 times that 
at sea level. 

The increased human-tissue irradiation due to fallout and ingestion of radio- 
isotopes is approximately as follows: 








Soft tissue Bone 
irradiation irradiation 
(t/year) (t/year) 
1955-56: 
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Table V lists human radiation exposures from a number of sources. 


RADIOACTIVE FALLOUT AND ITS 


1131 


EFFECTS ON MAN 


Taste V.—Human radiation exposure (r./year) 
A. EXTERNAL EXPOSURE TO WHOLE BODY 





Natural radiation exposure 





1. Cosmic radiation at— 


Exposure from fallout from nuclear detonations 





1, Fallout to earth, October 1952 to Septem- 
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The problems of radioactive fallout may also be examined in comparision 
with other ways of acquiring exposures to radiation (HWnglish values for radio- 
logical exposure are generally much less than in America (4)). (See table VI.) 

Thus, it is possible that, from common use of X-ray-generating devices, the 
average person in the United States has already begun to accumulate an exposure 
to radiation effect that is sizable compared With the fallout problem. That no 
gross evidence of disease has become evident during these past few years of 
increasing radiation exposure does not disprove the existence of slight average 
effects of radiation. For example, at current estimation of leukemia induction 
by radiation, about 20 percent of the relatively rare cases of leukemia (0.5 per- 
cent of adult fatalities) may be attributable to natural radiation. There is 
no difficulty in believing that supplementary radiation resulting from our modern 
activities may have been responsible for the other 80 percent of known cases 
of leukemia; the average additional artificial radiation exposure per year would 
only have had to be 0.8 r. to account for this difference. Considering the gen- 
erous use of unshielded and unfiltered X-ray equipment in dental offices and 
shoestores alone, and the lack of public and professional appreciation of need 
to minimize radiation exposure, it is even reasonable to conjecture that the 
addition of artificially created radiation exposure to natural irradiation may 
essentially account for leukemia. Faber has analyzed 828 cases of leukemia 
registered in Denmark in the period 1950-53 with regard to the amount and type 
of irradiation each patient received for 20 years prior to development of leu- 
kemia. The incidence of previous incidental X-ray or radiation exposure for 
the chronic lymphatie leukemia cases was 18 percent, for myeloid leukemia, 30 
percent, and for acute leukemia, 32 percent. It appears that both acute leu- 
kemia and myeloid leukemia can be induced by radiation; and the traceable 
X-radiation induction may account for a sizable percentage of current cases 
in Denmark. Faber’s information does not rule out that lymphatic leukemia 
may also be induced by radiation. The analysis of leukemia incidence in fol- 
lowup of three groups of individuals who had had varying exposures to X-rays 
or other radiation strongly suggests that the radiation induction of leukemia 
is proportional to the radiation exposure, and that for whole-body radiation 
exposure the number would be entirely consistent with an estimation that 50 r. 
doubles the chance of development of leukemia.” 


TABLE VI.—Common means of exposure to radium 








Exposure 
Source 
Directed to the specific | Scattered to the whole 
body region body (dose per use) 
Routine’chestix-ray tes. saescseees cesuesadact coe 0.05 to 2 r./exposure_-____ 
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mouth series. 
Shoestore fluoroscopy ! 2 shoe-fitting unit......-.-_-- 50 to 150 r./min. to feet___| 1 to 10 r./min. 
Radium-dial watch! » C/watch......-..-..-_-----. i. t/yr. to the wrist_...-- 0.01 r./year. 
Radium and X-ray 1238 technicians (throughout the |_......---..---._---._..- p.1 to p.3 r./week, 5 to 15 
world). r./yr. 
AE@#imaximum, permissible .dose for 20gsyears]?|_.---...2--. ge ---connaced 15 r./yr. at 0.3 r./week. 
exposure. 
Average accumulated exposure of 10 most highly |_...-.-.---2.--..2-2--28e 0.1 r./week, 5r./yr. 


exposed individuals over 5-year period—U,. C, 
Radiation Laboratory. 


1 William Nolan. 

2 AEC Report to Congress. 

8 Jones. 

4 University of California Radiation Laboratory records. 


RADIOIODINE FALLOUT 


Of all the problems that we can currently evaluate, the radioiodine fallout 
problem is disposed of most readily. Radioiodine is produced in thousands of 
curies by some of the nuclear detonations, and, in falling to the earth’s surface, 
it contaminates grass and is eaten by foraging animals. In its fallout, it is 


2 Court-Brown and Doll, Summary of Leukemia Induction, British Report (4), pp. 84-89. 
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greatly diluted and does not at any time become a human problem. The 
herbivorous animal, however, eats large quantities of grass; and in the cow, 
for example, essentially all the iodine 131 ingested accumulates in the thyroid 
gland. Over a few days’ time, several hundred pounds of grass may be eaten, 
and all the iodine contained becomes concentrated in the 15 to 30 grams of 
thyroid tissue. Following nuclear detonations of the last.2 years, the thyroid 
concentrations of radioactive iodine in pastured cattle reached as high as 0.001 
to 0.003 myzC/g (depending upon the quantity of fallout), and the average 
radiation exposure, as measured over 3 years, was about 1 r./year to the thyroid 
tissue. This would be of genuine concern to man at similar human burdens 
of I-131, because it is now known that thyroid tissue is especially sensitive to 
radiation induction of tumors. However, cattle fed principally in feed lots have 
only 1/100 (or less) as much I-181 as range-fed cattle. Further careful 
measurement of fresh human thyroid material has been routinely made during 
the last 2 years by techniques that are sensitive and reliable for estimation of 
_ 1-181 content. Direct measurement shows that human thyroid, at any time of 
high uptake of I-131 by bovine thyroid, has less than 1/5000 of the bovine I-131 
content. It is possible that human thyroids had less than 0.0006 muC/g during 
the latter part of 1956, when range cattle had 1 to 2 myC/g. It is certain that 
the human thyroid exposure during the 1956 period did not exceed 0.001 r./year, 
and the probable value is 0.00016 r./year or even less. (Interestingly, one human 
thyroid showed amactivity comparable with bovine thyroid content of I-131; the 
case, when traced to its source, proved to be from a man who had previously 
been given a small tracer dose of I-131 in the Donner Laboratory. The ob- 
seryed quantity of I-151 was accounted for by the magnitude of the dose, the 
’ estimated excretion, and the radioactive decay.) 

Up to this time, radioiodine from worldwide fallout is not a problem of 
concern to humans; and it is not expected that it will become a problem in 
the future. 

SUMMARY 


1. This paper reports a broad examination of the levels of radiation exposure 
incurred from fallout. The discussion is limited to Sr-90, Cs-137, and I-131, 
the only radioactive isotopes reported to become associated with human environ- 
men in detectable quantities. 

2. The worldwide effect of radiation from fallout is now far less than that 
of naturally occurring radiation from cosmic rays and from radioactive ele- 
ments normally contained in earth, buildings, and body tissue. The inescapable 
minimum of natural radiation exposure, for all people, is about 0.1 r./year. The 
average person at sea level in the United States is probably receiving about 
0.16 r./year. 

3. During 1954-55 the Sr-90 concentration in human bones (both in adults 
and in stillborn infants) produced an average exposure to the bones themselves 
of 0.002 r./year. (Only the bones—not the soft tissues—are exposed to measur- 
able levels of Sr—90 irradiation.) At current fallout trends, the irradiation of 
human bone by Sr-90 will increase to 0.016 r./year, perhaps even to 
0.038 r./year (Libby). The maximum value projected in this discussion is 
0.2 r./year. (These are average predictions for the northern hemisphere and 
for the major population densities of the earth.) 

4. Radioiodine (I-131) activity has been measured in humans during periods 
of likely fallout exposures. Radiation exposure from fallout I-181 is essentially 
nil for humans. 

5. Any analysis of the fallout of radioactive materials on a worldwide basis 
shows that it does not even remotely approach the threshold for acute radiation 
effects, which cannot be recognized below 100 r. in a single exposure. Radiation 
predicted from future fallout is still far less than natural radiation background. 
Increases in the internal radiation exposure of 0.1 r./year are not meaningful 
in comparison with acute radiation damage. Attempted comparisons are respon- 
sible for most misunderstanding of the fallout hazard to humans. 

6. Life-span changes, cancer or leukemia induction, and cell changes appear 
to be proportional—as are genetic effects of radiation—to radiation exposure. 
Although these effects are not measurable in any individual exposed to fallout, 
they can be estimated, in terms of very small risks. The effects are dwarfed 
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in comparison with the adverse environmental hygienic factors that most 


persons regard as commonplace. For example: 
Life-span loss 


per person 
Factor: (days) 
Simokine One’ pack CIZATCUWICS Del Ull.--- seen eee eee eee ee 3, 000 
Peiie. 2) Derceny OVEY Weis cee re meee erate eee 1, 300 
Havine 25 percent elevated NPONToLelns.- a eee teen 2, 500 
Living in United States as a driver of an automobile________________ 470 
Working in industry -(industriat Navard) ae ee ee 100 


7. The evidence indicates that Sr-90 may eventually cause a worldwide increase 
in leukemia, accounting for about 2 percent of all deaths. Compared with the 
current accident rate, a 2 percent leukemia increase distributed throughout the 
entire population would be a life-span loss of about 1.0 year per person in the 
United States; all accidents account for a 2.8-year life-span loss per person, 
automobile use for 0.87 year. Thus the Sr—90 induction of leukemia is compar- 
able with some of the mechanical mishaps we risk as a partial cost of the “advan- 
tages” of our mechanized and energized age. 

8. The sum of evidence is that radiation has a deleterious effect upon man’s 
health, but that the effects are extremely small at such slight radiation exposures 
as are involved in the worldwide fallout. Nevertheless, since radiation probably 
does affect man’s health and progeny—even though minutely for minute ex- 
posures—incurring it should be treated as the equivalent of the spending of money 
or time, and should be allowed only for necessary gainful advantages. 
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INTERPRETATION OF THE ATOMIC BOMB CASUALTY COMMISSION REPORT OF PHYSICAL 
GrowTH OF HIROSHIMA CHILDREN EXPOSED TO THE ATOMIC BOMB 


Hardin B. Jones 


Hiroshima children 5 to 19 years old (approximately 4,000, divided into 4 
categories—males and females, exposed and unexposed) studied 5 years after 
exposure to the atom bomb are significantly shorter and lighter in weight than 
unexposed children, according to the report of Earl L. Reynolds to the Atomic 
Bomb Casualty Commission. Statistically the effect is slight in either sex, since 
weight is depressed about 2 percent and height is depressed about 1 percent (the 
standard error is 0.35 percent for groups of this size). Average individual varia- 
tion in height or weight is about 12 percent (standard deviation) in Hiroshima 
children; therefore, the effect on height or weight of average radiation in the 


1 to 2 percent 
12 percent xX 100, or about 10 percent 


of the effects of factors generally contribuating to lower-than-average individual 
differences in grows. 

The effect of atom bomb exposure upon growth is measurably correlated with 
distance from the hypocenter of the explosion. The actual relationship observed 
is slight but significant, the correlation coefficient being about +0.1 for relation- 
ship of children’s size and distance from the bomb. Since it is very likely that 
true exposure dose is rather poorly related to distance from the bomb at exposure 
and correction of this defective information should increase the correlation, the 
true effect of exposure upon children’s growth is probably larger. 

An improved estimation of quantitative relationship between exposure dose 
and growth in these children is possible by using groupings according to initial 
severity of Symptoms, on the hypothesis that indeterminate shielding factors 
protected those who suffered fewer symptoms than would be expected from the 
theoretical dose. In comparisons by age and sex groupings, the asymptomatic 
groups were significantly larger in average physique, whereas the groups with 
definite irradiation exposure symptoms were significantly smaller. Such com- 
parisons lead to a rough direct estimation of correlation between exposure and 
suppression of growth. Chi-square values show that the growth depression 
associated with exposure is significant. When chi-square values are converted 
to correlation coefficients, the result is equivalent to a correlation of approxi- 
mately —0.4, indicating that the true relationship between irradiation exposure 
and growth, in doses sufficient to produce acute effects, may be larger than the 
above estimate; the square of the correlation coefficient indicates that 16 percent 
of the observed difference in growth is probably due to the effects of irradiation. 
Roughly estimated, the growth-depressant effect in humans should be equal to: 

standard deviation 
growth change aa correlation coefficient \y of growth | 
roentgen exposure of growth vs. exposure standard deviation of 
radiation exposure 
as derived from the regression equation. The computed value in this case is? 
0.4 10 percent 
cola 80r. 
approximations. 


exposed group is approximately 


= —0.05 percent per roentgen, all values being rough 
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The association observed between size and radiation exposure in Hiroshima 
is strikingly similar to that observed by Russell and Russell when mice were 
exposed to varying single doses of X-rays at 11.5 days after conception. Size 
of mice at birth decreased proportionally to radiation exposure from 100 r. to 
400 r. The estimated effect upon embryonic growth per roentgen is 0.25 percent 
depression of size per r. It is noted that those children in Reynolds’ study who 
were exposed in utero have twice the effect of decreased size seen in children 
exposed after birth; however, since the Reynolds study considered size 5 years 
after exposure rather than size differences at birth, as in the Russell study, the 
relative size difference at birth may have been even greater. Although the num- 
ber of children irradiated before birth was too small to make the difference 
statistically significant, it is interesting to note that only a small correction 
factor would make the Hiroshima overall growth-depression ratio of 0.05 percent 
per roentgen comparable to the embryonic growth-depression ratio of 0.25 percent 
per roentgen observed in mice. These studies suggest that radiation effect upon 
both young mice and humans is the same with regard to suppression of growth. 


Earle L. Reynolds, The Physical Growth of Hiroshima Children Exposed to the 
Atomic Bomb. Document submitted to the Atomic Bomb Casualty Commission, 
National Research Council, 1954. 

Liane B. Bussell and W. L. Russell, An Analysis of the Changing Radiation Re- 
sponse of the Developing Mouse Embryo. Symposium on Effects of Radiation 
and Other Deleterious Agents on Embryonic Development, Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, April 20, 1953. 

Representative Horirretp. Now I suggest that we have a discussion. 
We have certainly had a heavy diet today of philosophy on genetics 
and facts presented, and theories. I am sure now we can probably 
focus on some of the points we think should be focused on at this time. 
I am going to ask Mr. Hollister to lead off with some questions. 


DISCUSSION BY DRS. JAMES F. CROW, BENTLEY GLASS, A. H. 
STURTEVANT, HERMANN J. MULLER, W. L. RUSSELL, AUSTIN 
BRUES, AND HARDIN JONES 


Mr. Hotuister. The first question, to Dr. Glass. Do we know spe- 
cifically of any mutations in man that are radiation caused? 

Dr. Guass. No, you can’t identify the individual mutations as being 
radiation caused or as having occurred spontaneously. The same kinds 
of mutations can occur through the action of radiation as may occur 
spontaneously. So you can’t identify the particular mutations. There 
is aways a probability that even if the exposed person—the parent of 
the mutant person—received radiation, still the mutation might have 
occurred anyway. All we can go by is the increase in the frequency of 
mutations, which is thought to occur with a particular increase In 
dose. 

Mr. Hotrister. So the radiation mutations produced in man or 
in any other organism are indistinguishable by kind. 

Dr. Guass. Exactly. 

Mr. Hotuisrer. From any other sort of mutations. 

Dr. Grass. If we looked at the chromosomes we might find that a 
larger proportion of the radiation induced ones were visible losses, 
as has been brought out today. But just judging from the ordinary 
clinical symptoms, no, you could not distinguish them in kind from 
the spontaneous ones. ‘ 

Representative Horsrimeip. Are there any comments, or are you In 
general agreement? I see by your nodding that you are in general 
agreement. 
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Mr. Hottuister. I would like to ask, Dr. Muller, if you know of 
any mechanism seriously proposed that would predict a nonlinear 
effect for the mutation dose relationship. 

Dr. Mutter. At high doses; yes. For what we call chromosome 
aberrations, but not for what we call gene mutations or point 
mutations. 

Dr. Russell referred to a result of his and we, at our laboratory, 
obtained a similar one in flies, in which there was a less than linear 
apparent effect at very high doses, owing, as we judged, to the fact 
that the cells that had been worse hit were killed off more so that 
we lost the cases. But I do not see any way of getting a funda- 
mentally nonlinear effect, especially at low doses. If the process 
takes place in any way like what we think it does, that is. 

Representative Hortrrevp. If any member of the panel wishes to 
comment, if you will raise your hand, I will recognize you. Dr. 
Russell. 

Dr. Russetx. I should like to add to that that I think the possibility 
does still exist, if there is killing of cells at low doses. That is, down 
to a level at which cells are killed I think the possibility of departure 
from linearity might still exist. This level may be lower than we 
might tend to think from experiments on sperm. The spermatogonia 

seem to be sensitive. 

Dr. Muuier. Might I add one word to that? If that is true, then 
it would work the other way from the way the people argue who be- 
lieve in a threshold, because it would mean a relatively oreater effect 
at low doses. 

Dr. Russert. Yes. I tried to bring this out, that it would be an 
increase in the effect, rather than less. But I do not think departure 
from linearity would be expected at such low levels as 0.1 roentgens, 
for I don’t think there would be enough killing of cells at this “dose 
level to make any difference. This would perhaps apply at the 10- 
roentgen level or something of this order. Down at the very low 
doses I would agree 100 per cent with Dr. Muller that linearity would 
be expected. 

Representative Horirimxp. Dr. Jones. 

Dr. Jones. It is certainly true that several ionization events may 
be necessary for critical change within the cells. The ravages that 
can take place in the cell with time are so similar to radiation-induced 
events that even though one ionization occurs and several are needed, 
perhaps the preceding natural aging events have made the internal 
climate such that one ionization could produce that change. 

In this sense we perhaps have a further reason for accepting the 
hypothesis of a proportional change down to very, very small doses. 
Of course, at these small doses we have very small effects. 

Dr. Russeti. Could I add one more point to this? My point is 
that at the very low doses you would still expect linearity, but the 
slope of the line at these low doses might be steeper than would be 
predicted from our present data at the 300 and 600 r. points. 

The question is, Have we measured the full effect at the present 
time? We think we need to measure the mutation rate at lower doses 
to be sure. 

Representative Horirrerp. Thank you. 

Mr. Hotuisrer. I would like to ask if it is not true that you as 
geneticists—when you draw a line between a good and a bad muta- 
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tion—do this almost entirely on the basis of how the mutation affects 
reproduction. Who would like to answer that. Dr. Crow? 

Dr. Crow. From the standpoint of some theoretical computations 
that are made in assessing damage in the long-time future, this kind 
of an assumption is made. But in general, although we realize that 
most harmful mutations have some harmful effect on survival or re- 
production, I think most of us—probably all of us—would be agreed 
that this is not really the point which as humans we are interested 
in. We are interested in the pain, disease, misery, all of which are 
associated with the reduction in survival value. 

Mr. Hoxuister. In other words, it is possible you could get into a 
situation, for example, where by process of continued mutation and 
selection, you could achieve a population that would reproduce very 
prolifically, but would have all sorts of other defects, that is, suscepti- 
bility to diseases and shortened life span and so on. 
ios 8 apply this criteria of good and bad mutation, you could 

o this? 

Dr. Crow. As a very remote theoretical possibility. I don’t think 

that is a likely possibility at all. 
- Mr. Horuisrer. Dr. Crow, another question for you. This is the 
question of numbers of individuals limiting in the quantitative studies 
of natural mutative rates either in man or other organisms. Is the 
size of the population that. you have to work with a limiting con- 
sideration in the kinds of experiment that you can perform or the 
kinds of data you can obtain ? | 

Dr. Crow. In the study of human populations? 

Mr. Houuister. Either in humans, fruitflies, or mice. 

Dr. Crow. I would say the numbers are the principal limiting fac- 
tor. If one studies humans one cannot make experimental matings 
and that is serious. The organisms that are preferred for research 
purposes are those that you can grow cheaply and in large numbers, 
and that is why the fruitfly has been used. 

Is that the point of your question? Iam not quite sure. 

Mr. Hoxiister. My understanding is that you had postulated some- 
where that there was some size or some number of individuals, per- 
haps a million or perhaps 10 million, that was a practical maximum 
size that an experimenter could work with. 

Dr. Crow. I think you are confusing me with the U. N. committee. 
I cannot think of the man’s name. Yes, Dr. Appleyard. 

Mr. Hortutstrer. That is possible. 

Dr. Crow. I think these are statements from Appleyard who has 
done some computations on the size of population that would have 
to us studied in order to detect differences of a certain small mag- 
nitude. 

Mr. Hottisrer. Is it not true that in some of these studies he has 
concluded that the populations have to be enormous ? 

Dr. Crow. That is correct. One can reach those conclusions even 
before seeing his figures. 

Dr. Mutter. Could I interpose something since we mentioned the 
U. N. committee? I received information from someone in the audi- 
ence in regard to a question that was raised or that I raised during 
my talk about the composition of the U. N. Scientific Committee. I 
stated that Dubinin had been scheduled to appear from Russia. 
got information that he did not show up. Also, that he had not been 
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scheduled to be a delegate, but an adviser or consultant. Also, that 
at the most recent meeting there were various advisers present from 
other countries who were geneticists, not delegates, however. The 
geneticists who were delegates were confined to those I listed. Even 
though most of the discussion was done by the consultants rather 
than the delegates, it is an unfortunate situation if geneticists are not 
actual delegates, because although they were evidently given free rein 
during the discussions on the effects on posterity, nevertheless, as I 
indicated before, the effects on the exposed generation itself are also 
very important, and are very possibly closely related to the genetic 
subjects. Therefore, the committee should have geneticists to discuss 
those effects also. 

Representative Horirterp. Without objection, the record will be 
corrected. 

Dr. Mutuer. Yes, sir; it should be corrected. Our country had two 
good geneticists as consultants. 

Mr. Horuisrer. Dr. Muller, do you suppose that something analo- 
gous to the uncertainty principle in physics could exist in genetics 
with regard to this threshold question? For example, presumably 
we have to have an effect, tested in a certain number of cells. Leuke- 
mia, bone tumor, these have to involve more than one cell for us to ob- 
serve. If this is true, does not this of itself indicate a possible thres- 
hold when in fact there might not be one. That is, we cannot observe 

a leukemia in 1 cell, can we, or a bone tumor involving 1 cell? Pre- 
sumably it involves many cells. 

Dr. Mutter. If the individual is unlucky enough by reason of the 
cell being lucky enough, then the one cell that became leukemic could 
give the individual leukemia. 

Mr. Hotutster. But you would not know this until it involved 
more than one cell ? 

Dr. Mutter. No. There could be a mutation in one cell if our con- 
ception is right. 

Mr. Hotuister. You would not know this experimentally ? 

Dr. Mutter. You would know it experimentally if that cell was 
in position in which it could express the tendency given to it by the 
mutation to divide or to reproduce or multiply in an uncontrolled 
manner. After a while it would crowd out the other cells and the 
person’s blood would be full of these white cells, and he would have 
leukemia. 

Mr. Hotitsrer. The thing that you would measure would be the 
presence of leukemia in the person after some of the multiplication 
had occurred. 

Dr. Mutier. That is right. 

Mr. Hotuister. So you would not know he had leukemia until it 
showed up as a result of many cells being pathologic? 

Dr. Muuuer. I think the question is on the same basis as all other 
genetic questions, All you get is a more or less random sample. You 
have to Judge by that sample. That is why you need large statistics. 

Representative Hoxtrrevp. Dr. Glass has something to say on that. 

Dr. Grass. May I speak to that question, too?’ The more we press 
back into the knowledge of how the genes produce their effects, the 
more possible it becomes to detect the nature of those effects in indi- 
vidual cells. Thus even in a tissue culture of human skin epithelial 
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cells, if a mutation occurred in the one gene that we know of that con- 
trols the production of pigment, and changed it to an albino type, you 
would not have to have a thousand cells or a whole individual to know 
that mutation had occurred. You could spotiit in that one cell, 

If we knew enough about the biochemistry of different cells and 
enzymes, we could easily detect this in single cells. 

Senator ANpErson. Dr. Crow, do you agree with that? It looked as 
if you did not. 

Dr. Crow. Let me get into this act, too. Back to what I think maybe 
you have in mind. At the present time we can demonstrate a linear 
effect perhaps down to 25 r. We could do a very large experiment and 
perhaps demonstrate a linear effect down to 10 r.. We could do an 
enormously large experiment and demonstrate it down to 5 r. One 
cannot continue indefinitely. If that is what you mean by an uncer- 
tainty principle, I think there is something here. One cannot do a 
large enough experiment to demonstrate linearity down to an arbi- 
trarily low value. Having said that, I would like to say that about this 
time we start relying on purely physical considerations of the kind 
that other people such as Dr. Pollard have been mentioning. 

Mr. Hoxtister. How about some of the testimony that Dr. Brues 
gave, which I am not sure I understood perfectly, and do not have in 
front of me—and if he is here, he might want to comment himself—to 
the effect that to cause cancer in body cells more than one cell would 
have to be affected by a dose of radiation before this effect would occur. 

This might imply a threshold, although in fact a threshold might 
not exist. 

Representative Honirmeip. Dr. Brues, have you been correctly 
quoted? Will you come forward? Pull up a chair and defend your- 
self. 

Dr. Brurs. Was the question addressed to me? 

Mr. Hoxuisrrer. I think you can help us first to make sure I para- 
phrased what I thought you said correctly. 

Dr. Bruss. I shall in that case rephrase it to say this: I should not 
necessarily assume that a somatic mutation would be the basis of 
cancer a priori. But if it is, it still might be a little more compli- 
cated than the genetic situation, where just one cell is involved. I 
can think of at least two different ways in which that might occur, 
but I shall not take the time to go into them. 

Mr. Hotiister. But these complications that you speak of involve 
the notion that more than one cell would have to be affected by the 
radiation; is that correct ? 

Dr. Brues. That would be correct, yes. This is not proven or dis- 
proven, but it is a suggestion which I think is as likely as the other 
one which has been made, rather categorically. 

Mr. Ramey. Do the complications make for the threshold, then? 

Dr. Bross. I beg pardon ? 

Mr. Ramey. Do the complications arising mean that you have to 
have more dose before you would get some sort of threshold effect ? 

Dr. Brurs. Yes. I think the suggestion I made rather specifically, 
and this was based on many things which have been observed in can- 
cer pathology, rightly or wrongly, is the fact that cancer rather 
tends to arise in a tissue which has been generally disarranged. As 
for a general disarrangement or disturbance of the blood vessel sup- 
ply of the tissue, this, I think, is not linear with radiation dose, but 
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like the erythema produced by irradiation on the skin, the old method 
of measuring dose, this appears to have some sort of threshold. If 
that is necessary as well as something else that radiation does, then 
we will not have a linear response. ‘That is the point I made. 

Representative Hortrimxp. Is there any comment on that? Ob- 
serving no hands raised, we will go to the next question. 

Mr. Houutstrer. Dr. Crow, do you know if experimentally, a popu- 
lation has ever been destroyed genetically ? 

Dr. Crow. I cannot think of an example. You mean by accumulat- 
ing so large a number of mutations that ultimately it was killed off? 

Mr. Hotuisrrr. Yes. 

Dr. Crow. Dr. Russell has reminded me of an example. One of Dr. 
Bruce Wallace’s populations died out presumably as a consequence 
of very heavy radiation. Is the theoretical point here whether it is 
possible to induce a large enough number of mutations to kill off 
posterity without killing off the first generation ? 

Mr. Hotiisrer. Presumably this experiment proves it is possible. 

Representative Hortrreip. I think we have time for one more ques- 
tion. We will allow each one of you, regardless of the time element, 
to comment on this. Are conclusions in the field of genetics being 
arrived at too far in advance of the data? 

Dr. Srurrevant. It seems to me, sir, that we have to draw some 
conclusions. We have to do something, because not doing something 
is equivalent to doing nothing. We therefore have to proceed on 
the basis of the best information we have. This is a common enough 
human experience; it happens to all of us every day. We have to 
reach decisions as to what to do or not to do without all the informa- 
tion we should like to have. I don’t think that the situation here is 
any different from that which is usual. We have to proceed on the 
basis of the best information we can lay hands on. 

Representative Cork. You concur with Dr. Crow when he said it is 
better to guess wrong than not to guess at all? 

Dr. Sturtevant. I think it is not only better to; it is necessary to. 
You have to make some kind of guess in order to live at all in this 
world. 

Representative Hortrretp. Would there be any other comment on 
that ? 

Dr. Jones. I think the same thing applies to the question of life 
span effects. Here we simply do not know how life span effects 
operate in the small-dose range. We may be a long time in finding 
out information that applies directly in the small-dose range. In 
the absence of that, we have to make some estimate of the effect. 
If we relate this problem to fallout, we may estimate fallout to be 
now about 2 percent of natural radiation. Natural radiation is esti- 
mated to cause a life span loss of 25 to 50 days, if we live as long as 
70 years. So the effect of fallout is only about 1 day or half a day on 
this basis, if we assume proportionality. This loss 1s extremely small 
but may be worth keeping in mind, even though it may be as small 
as one twenty-five thousandth of man’s life span. 

Dr. Russetu. I should like to make two comments on this. I think 
the geneticists on the National Academy committee have faced up to 
this problem, and in some sense should be complimented on this. I 
am a member of the committee, so I do not want to compliment my- 
self, but the others. Most of them were experimental scientists and 
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they were very reluctant to come out with figures based on what they 
would consider, in some respects, inadequate evidence. However, it 
was necessary to face up to drawing a conclusion. 

I don’t think anyone should be reprimanded for drawing a conclu- 
sion when a conclusion was requested. | 

Representative Hortrrexp. I certainly do not want you to think 
that this committee is reprimanding. 

Dr. Russexu. No. Other people have. 

Representative Horirimrp. It is very salutary that you brought this 
out. We believe it is in line with your scientific integrity to point 
cut danger signs, whether you are sure how great they are or how 
many. 

Dr. Russeitzt. I did not mean to apply my remark to this commit- 
tee. I believe geneticists have been blamed for making too definite 
statements based on the evidence, perhaps mostly by medical spe- 
cialists. 

The other point I have is that we perhaps know more about this 
genetic hazard than we did about many other hazards we have experi- 
enced in the past. Many hazards man has been encountering were 
not known to be dangerous until many humans died from them. For 
example, many industrial poisons and even radium in the first place. 
I. think the genetic hazard represents a situation where we know in 
advance a good deal more about it than we have done for some other 
things, including, I might say, some medical treatments. Some of 
these have been found to be hazardous only after several people have 
suffered from them. 

Representative Horirmip. Of course, the magnitude of the threat of 
nuclear radiation from war is the compelling factor in this matter. 

Dr. Russeiu. Yes. 

Representative Hortrmip. Dr. Crow, I am sure you want to say 
something. 

Dr. Crow. I agree heartily with the two people who have spoken. 

Dr. Grass. I agree, but I would like to add just one very brief com- 
ment. We know there is a genetics hazard. We don’t know the exact 
amount of that hazard. We think that it is better to overestimate it 
than to underestimate it, and play safe, than to underestimate it and 
reap irreparable damage. 

Representative Hotirrerp. Mr. Ramey has a question, I understand. 

Mr. Ramey. I believe most of you gentlemen sat in on yesterday’s 
discussion of the pathological or somatic effects. As biologists rather 
than geneticists, do you think that this linear effect that was brought 
out today for genetics applies in the somatic pathological field ? 

Representative Hotirterp. Who would be so bold as to answer that? 

Dr. Crow. I will be so bold as to make an answer, but it will not 
be very definite. I believe most geneticists are convinced that at least 
some of the somatic effects of radiation are of a linear nonthreshold 
sort. I don’t think anybody would be so dogmatic as to state that all 
such effects are or even what the fraction is. 

Representative Horimretp. Dr. Muller, what do you think about 
that? Would you have any opinion on that? 

Dr. Mutter. My opinion is, as I said before, that the most impor- 
tant effects, those from which the human race when exposed to radi- 
ation suffers by far the most damage, and that is the shortening of 
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life effect, and probably leukemia and some related things, are in all 
probability linear without a threshold. ’ 

Might I also say with regard to the other question of whether we 
are going too far beyond the evidence, that it was not, of course, pos- 
sible in these discussions to present the details of the evidence, and 
the reasoning involved, but that the estimates that were presented 
as what we regarded as probable were not in any sense guesses or spec- 
ulations, but arrived at as a result of an enormous amount of work 
and calculations. Not only that, but that they were arrived at by 
more than one method. There was a totally different method used 
recently by a number of geneticists in arriving at the frequency of 
mutations in man. It was remarkable that at the end it was in very 
good agreement with the estimate reached by the first method that 
we had used. : 

I would make this qualification only of what Dr. Glass said, that we 
were not trying in the main to show the maximum effect. I would 
regard the preferred estimates as minimum estimates. 

Senator AnpErson. My question was not too serious an inquiry. I 
was just wondering if geneticists had a union, guild or gang, or some- 
thing that teaches you to hang together? ‘This is not only the most 
agreeable group of seven scientists, but certainly the most agreed 
group I have seen. I commend you of the fact that you have been 
able to hang together as long as you have through a rather long day. 

Dr. Sturtevant. I would like to say that I think it would have 
been very difficult to get together a group that would have disagreed 
with most of what has been said here among practicing geneticists. 

Dr. Mutter. Might I take the occasion to thank the members of 
the committee on behalf of all of us for their having put on these 
hearings on this subject. 

Representative Corr. Mr. Chairman, I am not sure that the ques- 
tion can be answered, but at least I am curious enough about it to pose 
the question. 

Are there any other firm conclusions that can be reached based on 
data and experience with respect to the danger or hazard of radiation 
other than the one that was just voiced by Dr. Glass, that it does con- 
stitute a hazard? I am directing the question at all of them and I 
prefaced it by saying I was not sure it could be answered, but I was 
going to ask it anyway. 

Dr. Crow. I find it hard to answer, Mr. Cole, because of the diffi- 
culty of deciding what we really mean by firm in a case like this. I 
think the conclusion that any effect of radiation is harmful is about 
as firm as a scientific conclusion ever is. Of course, the quantitative 
fioures are much less firm. 

Representative Hortrieip. From the field of physiology ? 

Dr. Jonzs. I would echo Dr. Crow’s opinion that it looks as though 
we can definitely say that some effects do occur, and at very small 
dosages they are undoubtedly small effects. But they seem neverthe- 
less to be effects, and we cannot say with certainty what the relative 
orders of magnitude of these effects are. I don’t think there is any 
reason to be more concerned than to try to get better information as 
soon as possible. There is no public hazard at the moment compared 
to usual concepts of public hazard. We certainly do owe it to our- 
selves to find out what these effects are. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1145 


Representative Hoxirietp. On behalf of the committee, gentlemen, 
[ wish to express our collective thanks for this participation in this 
set of hearings. I am sure they will be read by a great many thou- 
sands of people with great interest. Your budience will be large. I 
think these hearings will be the year’s best seller. 

Tomorrow we will have Dr. William B. Looney as the leadoff wit- 
ness, followed by Dr. Libby, Dr. Ralph Lapp, and Dr. Walter Selove, 
in the Senate caucus room at 10 o’clock. 

(Thereupon at 5:10 p. m., Tuesday, June 4, 1957, a recess was taken 
until Wednesday, June 5, 1957, at 10 a. m., in the Senate caucus room. ) 
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THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
| EFFECTS ON MAN 


WEDNESDAY, JUNE 5, 1957 


Coneress oF THE UNITED SrATEs, 
SPECIAL SUBCOMMITTEE ON RapIATION OF THE 
Joint CoMMITTEE ON Atomic ENeERGy, 
Washington, D.C. 


The special subcommittee met, pursuant to recess, at 10:05 a. m., 
in the caucus room, Senate Office Building, Hon. Chet Holifield, chair- 
man of the subcommittee, presiding. 

Present: Representatives Holifield, Durham (chairman of the Joint 
Committee), Price, Cole, Van Zandt; Senators Anderson, Hicken- 
looper, and Bricker. 

Also present: Professional staff members: James T. Ramey, execu- 
tive director; George EK. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. Tompkins, consultant. 

Representative Horrrretp, The committee will be in order. 

The subcommittee will continue its hearings on the effects of radi- 
ation on man, and today we will take a step back toward the pa- 
thology section of our witnesses. Our witness this morning is 
Dr. William B. Looney from the John Collins Warren Laboratories 
of the Huntington Memorial Hospital of Harvard University, Massa- 
chusetts General Hospital, who has been for the past 7 years con- 
ducting experiments and partaking in clinical work directly with 
pean who have had radiation damage. We should have had 

r. Looney on 2 days ago when we had the pathology section, but 
we could not fit him into the program because of the time limita- 
tion. We are mighty happy to have him with us this morning. 

I notice you have quite an extensive statement here, and it is your 
purpose to submit this for the record, I understand, and to discuss 
the highlights of your statement. 

Dr. Loonry. That is correct, sir. 

Representative Hotirietp. You may proceed, Doctor. 


STATEMENT OF DR. WILLIAM B. LOONEY, MASSACHUSETTS 
GENERAL HOSPITAL 4 


Dr. Loonry. Mr. Chairman and members of the committee, first, 
I should like to express my appreciation for the opportunity to 
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fellow of National Cancer Institute, 1955-; clinical and research fellow, Massachusetts 
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tion protection to Surgeon General, Department of the Navy, 1957-. (Submitted by wit- 
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present this information to the Joint Committee on Atomic Energy. 

As was just previously mentioned, my studies primarily have been 
on the effect of radiation in man, and the importance of the informa- 
tion to be presented this morning on the effect of radiation in man 
by radium is related to the fact that both radium and strontium are 
deposited in the skeleton similar to calcium. We have a consider- 
able amount of information about the effects of radium in man; how- 
ever, we do not on strontium. Since both strontium and radium act 
similarly to calcium, having the knowledge of radium, we can make 
estimates of the effects of strontium on man by our knowledge and 
factual data of the effects of radium on man. 

I should like to confine my testimony primarily to the available 
knowledge we have on the effects of radium in man, and then at the 
end of the statement, based on the estimates from man, make some 
estimates as to the radiation dose from strontium necessary to pro- 
duce similar changes in man over a 70-year period. 

Man is constantly confronted with toxic agents in his environment 
which, if present in sufficient quantities, may produce temporary or 
lasting changes. By the accumulation of clinical and experimental 
information about the quantity of these toxic agents which produce 
minimal changes, safety measures are established. The present maxi- 
mum permissible concentrations for radio elements in use today are 
based primarily on the results of clinical and investigative studies 
made over the past half century. 

The principal sources of material for the study of the effects of 
internally deposited radioactive materials in man have been indi- 
viduals who were employed in the luminous-dial industry, and per- 
sons who received radium for medical purposes. Radium salts had 
been given orally and intravenously for hypertension, arthritis, 
anemia, and other medical disorders from about 1915 to 1930. The 
painting of watch dials with luminous materials containing radium, 
mesothorium, and radiothorium started in this country in about 1914. 

Adequate safety measures were not taken until about 1925-27, fol- 
lowing the deaths from bone tumors, anemia, and crippling bone 
lesions, or all three, which occurred in some of these workers. 

The first report in regard to the maximum permissible concentra- 
tion, which I shall refer to as MPC, for radium was made by the 
National Bureau of Standards in 1941. 

Senator Hicxentoorer. I hate to interrupt you, Dr. Looney, unless 
you are willing to be interrupted in your statement. 

Dr. Loonry. That is perfectly all right. 

Senator Hickentoorer. I notice the statement about the safety 
measures taken in 1925-27, following the deaths from bone tumors, 
anemia, and crippling bone lesions, which occurred in some of these 
workers. Do you comment later on the fact of whether or not all of 
the ists who received substantially the same dosage had the same 
results ¢ 

Dr. Loonry. Yes, sir; this will be the context of the report. 

Representative Van Zanpr. Dr. Looney, when radium was first 
used, was there the same concern regarding the safety factor as there 
is today for radiation ? 

Dr. Loonry. Well, this is a very fascinating history. The initial 
use of radium medically was based on the finding that radon, which 
is the first daughter produced by radium, was found in the waters of 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1149 


the health springs in Europe, and a few biological experiments were 
done to show that radon or radium had beneficial effects. It was first 
believed that radiation had primarily a beneficial effect. As a result 
of the biological experiments and the finding of radon in the health 
springs, numerous people were treated. Historically, we now have 
the spectrum shifting from one side to the other. 

Representative VAN ZAnpT. One more question. 

Dr. Loonny. Yes. 

Representative Van Zanpr. I would like to ask about X-rays. Are 
you familiar with the development of X-ray from the time it was 
first used and was concern shown ‘or the safety factor ? 

Dr. Loonny. I think Dr. Taylor, who is in the audience here, 
would be certainly much more competent to comment on the general 
history. I think he is far more familiar with the overall details. 

I will say, though, that certainly throughout the history of the uses 
of radiation, there certainly has been concern about its deleterious 
effect. 

Representative Van Zanpr. Thank you. 

Dr. Looney. To go back to the report, the first report in regard to 
the maximum permissible concentration for radium was made by the 
National Bureau of Standards in 1941. Seven individuals having 
from 0.02 and 0.5 micrograms of radium in their bodies from 7 to 25 
years had no noted changes referable to the deposition of radioactive 
materials. However, death had occurred in patients having as little 
as 1.2 micrograms of radium. The maximum permissible level of 
body burden for the amount of radium was established at that time 
as one-tenth microgram of radium. This was after the initial rapid 
elimination of radium from the body. 

If radium is taken in, almost all of it is eliminated, but the fraction 
remaining in the bone is eliminated rather slowly. So the maximum 
permissible concentration for radium was set in 1941 at one-tenth 
microgram. 

There have been two large studies, one made at the Argonne Na- 
tional Laboratory in Chicago, with which I was associated, primarily 
as coordinator in the evaluation of the clinical aspects with bio- 
physical effects of the investigation. The other was made at the John 
Collins Warren Laboratories of the Huntington Memorial Hospital 
of Harvard University, Massachusetts General Hospital, Boston, and 
the Massachusetts Institute of Technology. These studies are con- 
tinuing, and I have in the acknowledgments at the end made note of 
the people involved in these studies. 

I would like to emphasize this was a very large study in which I 
was primarily interested in the clinical aspects, and I shall incorpo- 
rate in the report the acknowledgment of the large group of people 
participating in these two studies. 

This report is primarily a summary of these two recent investiga- 
tions of people at or near the present maximum permissible con- 
centration of radium. 

Of the 78 patients that have been examined, the mean age of the 
luminous dial workers was about 21 years, and the mean age of the 
patients was about 34 years when they received radium. The average 
time of retention for both groups has been about 25 years with a 
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range of about 10 to 85 years. The average of these people in 1951 
was about 50 years. 

To summarize, we have information on people beginning about 15. 
to 20 years of age, and the major part of these patients have had 
radium in their bodies for 25 years. Many of these people are in the 
older age group, although the majority of the people are 50 or 60 
years of age. We would like to have for a more complete picture 
additional information of people in the older age groups, and also 
people in the younger age groups. We have in the middle of the life 
span more information, but at either end the information diminishes. 

Representative Hortrretp. Is there any information that the 
younger age group, with the same dose, is affected more deleteriously 
than the older age group? 

Dr. Loonry. Comparison of the effects of skeletal radiation in the 
unselected luminous dial workers and patients who received radium 
medically was made. It is not possible to draw conclusions on the 
present information in these two groups cf patients. However, based — 
on the available clinical information one might consider that the 
luminous dial workers were less affected after beginning employment 
at ages 15 to 20 years, than the patients who received radium medically 
in the 1930's. 

Representative Hotirreip. Is that on comparative doses? 

Dr. Loonry. On comparative doses, yes, sir. As I say, I think this 
data is inconclusive. ‘This is just based on the information we have 
available at present in man. 

Senator AnpErson. Do luminous dial workers go to work at 15? 

Dr. Loonry. Fifteen to twenty years of age; yes. Some of them 
started at14and15. This was in 1915. 

Representative Hotirrerp. And they absorbed this radium, as I 
understand, by putting the tip of the brush in their mouths to point 
up the brush in order to paint the numerals on the watches. Was 
that the way they received it mostly ? 

Dr. Looney. I think this, plus the fact there was radium in the 
atmosphere and they inhaled it. There were no known effects at that 
time. In 1924 a dentist discovered destruction of the mandible of 
some of these people. This established the fact that the ingestion 
and inhalation of radium produced deleterious effects in man. This 
very tragic experience is the foundation upon which some of the 
maximum permissible concentrations of the most important radio- 
elements in use today are based. 

There is one other point I think should be brought out in regard 
to these patients. Ten of these fifty radium patients, and sixteen of 
the luminous dial workers were selected because of symptoms. In 
other words, they were discovered because they were having trouble. 
It is apparent that, if we had a thousand people and we saw only the © 
people who were having difficulty, we would have a biased or selected 
group of people from the population of radium patients, and luminous 
dial workers. About one-third of these people were found because 
they had symptoms. This would tend for one to overemphasize the 
effect of ardioactive materials based on the present information. This 
is something the committee should keep in mind. 

Thirteen of these seventy-eight patients having between one-hun- 
dredth and four-tenths micrograms of radium had no changes attrib- 
utable to the effects of radium, with two exceptions. One patient 
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having 0.15 microgram of radium had minor areas of decreased den- 
sity demonstrated roentgenographically in his teeth. These are minor 
changes; however, this patient was discovered because of the changes. 
These findings are characteristic of the dental changes in people we 
have seen with more radium in their body. The other patient was 
an 83-year-old woman who had very severe arthritis, was incapaci- 
tated, and had minor changes in her skeleton. Old age, plus the 
incapacity, might have contributed to the changes. 

Sixty-five patients had between 0.5 and 23 micrograms of radium. 
All of these patients had either skeletal changes or symptoms attrib- 
utable to radium, or both, which we could reasonably attribute to 
radium, with 3 exceptions; these people had between five-tenths and 
1 microgram of radium. We should keep in mind the one-tenth micro- 
gram as the present MPC for radium, then we can mentally refer to 
the changes. 

These patients began to have difficulty with about 10 times the 
amount of radium greater than the maximum permissible concen- 
tration. 

Now I would like to go into the mechanism of deposition of radium 
in the skeleton, the pathological changes seen, and then relate these 
pathological changes to the amount of radium in the body. Radium is 
deposited in small areas of high concentration, so that we have an 
irregularity of deposition. This is an important factor to take into 
consideration, because in the last analysis we are interested in what 
happens in certain areas. If radium is concentrated in the area of 
bone tumor formation, then we are not as interested in the average 
value of total bone, as we are interested in these areas of concentration. 

Analyses of samples of bone from some of these people have been 
made. In samples taken from different bones and from several parts, 
the same bones, we have found that these concentrations vary as much 
as by a factor of 10, and maybe greater. When we talk of average 
values of one-tenth microgram, we must realize that these people have 
areas of concentration which may be much greater than that. ‘This has 
to enter into the consideration of the MPC of radium as well as 
strontium. 

If you will go back to figure 2 at the end of my statement, there is 
an autoradiograph which shows how the radium is deposited in one of 
the bones. It is the picture here [indicating], showing the actual 
radium deposition in the bone. You will see that the dark areas repre- 
sent areasofradium. (See p. 1176.) 

In considering the effects of radium, you must consider the effect 
in the small areas of concentration in relation to the pathological 
changes. 

Now, the changes that have been shown to develop in these people 
are areas of abnormal bone formation, which occur usually at the ends 
of the bone. When an X-ray is taken they show up as areas of in- 
creased density. The effect of radium causes abnormal bone to be 
produced, and it is generally considered that tumors develop in and 
around these areas of abnormal bone formation. 

The other characteristic change is areas of decreased density in the 
shaft, or the middle of the bones, and these show up in the X-rays as 
areas of decreased density. When we examine people who have had a 
sufficient amount of radium, we see these areas of either increased 
or decreased density which are scattered throughout the skeleton, and 
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these characteristic changes are one of the most reliable clinical meth- 
ods we have at present for determining the early effects, or the first 
detectable effect, of radioactive materials in man. | 

Chairman Durnam. What kind of a dose, Doctor, was that received 
by the bone structure in figure 2 of your statement ? 

Dr. Loonry. This patient had 1.3 micrograms of radium, sir. This 
is about 13 times the present accepted MPC for radium. 

In figure 4 you will note that this is a very detailed microscopic 
picture of radium being deposited in one of the fundamental units of 
the bone, known as the Haversian system. You will note the alpha 
tracks from the radium coming from those two Haversian systems, 
and this relates to the black area you saw on the autoradiograph of 
the whole bone. This is a microscopic picture showing the radium 
deposited in the small area. (See p. 1178.) 

Representative Hortrierp. Do you have that same picture on the 
screen ? 

Dr. Loonry. Yes, sir, I do. This is the picture here [indicating]. 
I might point out that here [indicating] is the area of the increased 
density that you see at the heads of the bone here and here [ind1- 

cating|. The areas of decreased density are in here and here [indi- 
cating |. 

The areas that you will notice here [indicating] are the areas of 
destruction in the bone, and this is an X-ray of the bone showing 
the areas of increased density and the areas of decreased density, 
and these are changes characteristic of radium deposition. It is the 
best clinical method we have of determining the effects of radium. 

Representative Hortrierp. Is it your judgment that the strontium 
90 would have the same effect ? 

Dr. Looney. It is the best means we have of comparing the effects 
of strontium 90 to the effect of similar radio elements in man, and we 
have to go on the best available evidence we have. 

Representative Horirmrp. Have you taken pictures of bones of 
mammals that have been subjected to strontium 90 exposure? 

Dr. Loonry. This has been done in some of the atomic energy 
laboratories. I have not been directly connected with this, and I am 
sure that some of the people in the audience could comment on that. 
Strontium and radium and calcium are deposited in the skeleton in 
similar manner; this is the basis of comparing the radium data with 
the present level for strontium. 

This [indicating] is the picture of the alpha track, or the actual 
radiation from radium in one of the fundamental units of the bone, 
and this [indicating] 1s the underlying bone, showing an area of 
destruction, and another area showing no change. 

Here [indicating] it shows the normal bone, and this is a typical 
osseous tissue adjacent to the normal bone, which results in these 
areas of increased density seen roentgenogr aphically. In animals we 
see this atypical osseous tissue formed following plutonium, stron- 
tium, and radium administration, and in man similar changes are 
produced by radium. We consider that the mechanism is similar 
in the production of these changes. 

Chairman Durnam. What kind of rays are those, Doctor? 

Dr. Loonry. These are alpha rays. This is actually a picture taken 
by photographic emulsion over the bone itself. In other words, the 
track was coming up in the photographic emulsion, and it is like 
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taking a photograph, and this is the photograph of the alpha track, 

Representative Horirierp. No one has used “micrograms” before in 
the presentation. Will you relate that to a microcurie? 

Dr. Loonry. Yes. The microgram of radium and the microcurie 
are the same, because the microcurie was established from radium. 
So if I speak of micrograms or microcuries, as far as radium is con- 
cerned it would be the same. 

Representative Horirrep. That is what I wanted you to say for 
clarification of the record. 

Dr. Loonry. Yes. 

Representative Hoxrrrrerp. Are the alpha or gamma rays which 
might be emitted of the same intensity and range in strontium 90 as 
in radium ? 

Dr. Loonry. No, sir, they are not, because most of the radiation 
from radium is alpha radiation, and the radiation from strontium 
is from beta radiation. 

Now you have heard the term “relative biological effectiveness” 
used. The RBE of radium has not been taken into consideration in 
the determination of the present MPC for strontium 90, Tho RBE 
[indicating] may be more than unity [indicating], so that this would 
permit the raising of the strontium level based on the radium data, 
if we were to determine that the effectiveness of irradiation from 
radium was greater than strontium in producing biological changes. 
In other words, it is generally considered that the alpha rays are more 
effective in producing biological changes per unit of energy dissipated 
to the material. ‘These may be inherent safety factors that can be in- 
corporated in present considerations of the MPC for strontium. 

Representative Hortrretp. So if there would be a difference, it 
would be weighted toward the greater effectiveness of radium ? 

Dr. Loonry. Yes, it would be weighted. Any change would be to 
the raising of the strontium MPC. 

I would like briefly to comment about the hematological changes 
in these patients. The changes have been minor, and the only changes 
we have found have been minor changes in the size and shape of the 
red cells. In a few exceptions there have been anemias that have oc- 
curred in these people, but the hematological findings have been very 
minor changes compared to the skeletal changes. 

I should like to go on to symptoms, and probably I should define 
what I mean by symptoms in these discussions. I shall refer to symp- 
toms as the time when the patient becomes subjectively aware of these 
skeletal changes which we see. In other words, we first see skeletal 
changes in many of these people who have no symptoms at all. When 
skeletal changes progress to the point that the normal configuration of 
the bone is destroyed, symptoms usually occur the patient may have a 
fracture of the femur, or he may have destruction of the hip, and he 
limps, then these denote symptoms. The patient is aware these 
skeletal changes are present. 

In going over these patients, there have been 11 patients of the 78 
who have had destruction of the hip, the head of this [indicating] 
hip bone, so that they walked with a limb. All of these 11 patients 
have had seven-tenths micrograms or more of radium in their bodies. 

There have been five patients with fractures of the femur. Some 
of these fractures have occurred from very minimal trauma. I re- 
member one patient we examined had a fracture of the femur after 
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her husband came to a sudden stop at a stoplight, and the pressure of 
her foot on the floorboard of the car caused this fracture of the femur. 
So that the skeletal system does become more fragile, after a period — 
of time, with these people in this range. 

Representative Hoririecp. How did that particular patient receive 
that does of radium ? 

Dr. Looney. This patient was a luminous dial worker, sir, and 
she worked at Ottawa, Il. 

Tf you will turn to chart 1, you will note that this is the summary 
of the X-ray findings of 82 patients who had a complete skeletal 
survey. These patients were arranged in the order of increasing 
amounts of radium in the body. The frequency with which these 
characteristic skeletal changes, which I have shown to you, have oc- 
curred, were plotted as a function of the amount of radium in the 
body. You will note from the left hand vertical bar that there were 
15 patients having between five-tenths and 1 microgram of radium in 
the body. You will notice that about 15 percent of the total bones 
that could be involved had these characteristic changes. (See p. 1174.) 

There were 8 patients between 1.1 and 2 micrograms of radium, 
and you will notice that the frequency goes up to about 55 percent, 
and that between 2.1 and 14 micrograms of radium it goes up to about 
60 percent. 

Tf you will turn to table 1, you will notice that in the first group of 
patients, the average age was 49; the average age of the second group 
was 52; the average time of retention in the first group was 20 years; 
the average time of the second group was 22 years; the average age 
of the third group was 61 years; and the average time of retention 
was 22 years. (See p. 1174.) 

We have a group of people who are about the same chronological 
age, who have radium retained for about 20 years, in which we can 
show a correlation between the frequency of these characteristic 
changes and the amount of radium in the body. 

I think this is probably one of the most significant clinical observa- 
tions that has been made—the correlation an objective clinical change 
with the amount of radium in the body within a specific dose range. 
I want to emphasize that extrapolation of the result of this clinical 
data either one way or the other would present many difficulties. 

Chairman DurHAm. How did these patients receive this, Doctor? 

Dr. Loonry. With two exceptions, all of the people received this 
for medical purposes. 

Chairman Duruam. For treatment of other diseases ? 

Dr. Loonnry. Yes, sir; for the treatment of other diseases. 

An important point to bring out here is the fact that people with 
10 and 15 micrograms of radium did not have a proportionate in- 
crease in skeletal changes. In other words, we did not see people with 
greater amounts of radium in the body having greater changes. This 
would be consistent with the hypothesis that the changes that we see 
are the result of the dynamic interrelationship between the destruc- 
tive processes and the reparative processes of the body. If we had 
radium with some other destructive skeletal disease, we might see 
changes at a much lower level than if the patient had no disease. 
Radium, plus condition A plus condition B might produce changes 
at 1 microgram. Radium, plus condition B might produce changes 
at 5 micrograms, and radium alone might produce changes at 10 micro- 
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grams. This is consistent with the hypothesis that the body is con- 
stantly repairing itself from destructive changes. When the body 
can no longer repair these changes, then permanent changes occur, 
in regard to radium, the skeletal destruction can be seen on roentgeno- 
graphic examination. 

Representative Horrrierp. As a term of common reference, would 
you say that any effect upon the bone is usually referred to as a tumor 
or cancer of the bone ? 

Dr. Loonry. No, sir. 

Representative Hortrierp. Or is there a differentiation between 
those two? 

Dr. Loonry. Yes, sir; there is quite a differentiation between those 
two. 

Representative Horirrerp. Will you explain that for the record? 

Dr. Loonny. Yes, sir. These changes which we have seen—these 
changes here [indicating |—are minor changes, and are from abnormal 
bone formation. ‘The areas here [indicating] are from small areas of 
destruction in the bone, and these can be seen in other conditions but 
usually not with the distribution and the characteristics seen in the 
radium patients. In other words, this is not diagnostic of radium, but 
it is very characteristic, and there are very few other medical condi- 
tions which will produce the same picture. I might say other non- 
malignant medical conditions. 

Chairman Duruam. Doctor, did any of these patients in this group 
develop cancer from the normal treatment of-other diseases from 
this radium ? 

Dr. Looney. I want to go into the number of tumors that have 
developed in these people, sir. I could not say whether these developed 
tumors from other conditions. All I could say is that a very large 
number of these people developed bone tumors, and out of proportion 
to other groups of people. 

Of these 78 patients, 15 people have developed tumors. 

If you will refer to figure 14, you will see the distribution of tumors 
that have occurred in these patients. You will notice that they usually 
occur at the end of the long bones, in the same areas in which you 
see these areas of abnormal bone formation. 

I would like to read from that portion of the statement (p. 1170) 
entitled “Bone Tumors.” 

The 15 malignant tumors which developed in the 78 patients re- 
cently evaluated were found in individuals containing from 0.5 to 10 
micrograms of radium in their bodies. The patient having 0.5 micro- 
gram of radium was a luminous-dial worker. It is reasonable to 
assume this patient ingested mesothorium and radiothorium. The 
patient with the lowest radium concentration, who had received radium 
medically, had 0.9 microgram of radium. The patient with the lowest 
concentration of radium, which was considered not to be contami- 
nated with members of the thorium decay series, and who had de- 
veloped a bone tumor, had 3.6 micrograms of retained radium. 

It is important to emphasize that the luminous-dial workers used 
not only radium, but mesothorium and radiothorium. We have only 
measured radium, so we have not taken into consideration the radia- 
tion dose from either mesothorium or radiothorium. 
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The accumulated radiation dose with 3.6 micrograms of radium 
was estimated to be about 5,000 rads during the 25 years from radium 
administration until tumor formation. } 

Some of these people were selected because of symptoms. The 
number of bone tumors in the patients which were not discovered 
because of symptoms were located in a review of the records. We find 
that there is a frequency of about 2 percent in this unselected group 
as compared to a frequency of 14 percent of the entire group of 78 
people. Although this is not conclusive, I do think it should be 
considered as it suggests this may be a biased group of people with 
whom we are dealing. 

Because of the major interest in the possibility of bone tumor 
induction by radiation, I have taken two comprehensive articles in 
which the investigators have summarized the cases in which bone 
tumors have been produced following external radiation. 

Vaughan in 1956 reported 39 cases sof sarcoma arising in bone fol- 
lowing external radiation have been recorded in the literature. The 
latent “period between receiving radiation and the development of the 
tumor was 8 to 11 years. The radiation dose was not known in all 
of these cases; however, in most recorded cases it was estimated to be 
usually greater than 3,000 roentgens (1,500 to 7,000 roentgen range). 

Cruz et al. in 1957 reported an additional series of 11 cases in which 
the bone tumors developed from 4 to 24 years after external radiation. 
The total radiation dose given ranged from about 1,000 roentgens to 
5,000 roentgens, and was given over a period varying from 1 month 
to 9 years. 

I should like to comment now on the possibility of bone-tumor 
production from strontuim 90, based on this information of tumor in- 
duction following external and internal radiation in man. 

The assumption is often made that the incidence of the effect of 
strontium 90 is proportional to the magnitude of the dose. This 
assumption has been used to estimate the bone tumors which may be 
produced from the low concentrations of strontium 90 in the skeleton 
from fallout. There is no exact evidence either proving or disproving 
this assumption, but there is some clinical evidence which suggests 
that this assumption is overcautious. 

The 50 bone tumors which have been known to have been produced 
in man from external radiation, and reported, were summarized in 
the previous section. The skeleton in the localized area of tumor 
induction received at least 1,000 roentgens, and usually more than 
3,000 roentgens of radiation. Tf it is assumed that the radiation dose 
to bone is greater by a factor of 2 than the measured skin dose—in 
other words, the radiation going into the bone would absorb more 

radiation than the dose measured at the skin. So we are assuming 
it may be more than a factor of 2, maybe greater than this, but we 
are saying this as a reasonable estimate—then the minimum observed 
carcinogenic dose from external radiation would be about 2,000 rads, 
with the majority of the tumors being produced by more than 6,000 
rads of external radiation. 

Representative Corn. I would like to ask Dr. Looney, Mr. Chair- 
man, to explain his statement that there is some clinical evidence 
which suggests that the assumption is overcautious, the assumption 
being that the incidence of the effect of strontium 90 is proportional 
to the dose. Now what do you mean when you say “there is some 
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clinical evidence which suggests that this assumption is overcautious.” 
In what way ? 

Dr. Loonny. I am saying that the minimal carcinogenic dose that 
we have reported for tumors to be produced in man is in the order 
of 2,000 rads. Based on the present clinical’evidence we have today, 
we cannot prove or disprove that smaller doses would produce tumors, 
but I am just presenting to you the present evidence we have in man 
known to produce tumors. I am just saying that this assumption 
might be overcautious. 

Representative Cote. What do you mean by “overcautious”? That 
is what I want. 

Dr. Loonry. May I come back to this at the end of these com- 
ments? Maybe this will clarify this statement. 

What I have attempted to do is to present the order of magnitude 
of radiation we are dealing with. The following estimates on stron- 
tium 90 are based on the assumption that strontium 90 will be present 
in the body over a life span of 70 years. If we assume it is in 
equilibrium with bone or there is a constant intake of strontium 90, 
it would tend to approach a uniformity in bone. 

Estimates which we can make from this information about the 
levels of strontium 90 necessary to produce bone tumors, skeletal 
roentgenographic changes, and total skeletal radiation from back- 
ground radioactivity are as follows: Ten microcuries of strontium 
deposited in the skeleton for 70 years would give an estimated dose 
of about 2,000 rads. This is the minimum radiation dose recorded 
which has produced a bone tumor in man. This should give some 
idea of the magnitude of strontium levels which may produce bone 
tumors in man. You will notice that 6,000 rads is the estimated 
amount of radiation known to produce most tumors. The amount of 
strontium 90 which would deliver 6,000 rads to the skeleton over 
a life span of 70 years would be in the order of 80 microcuries. 

The minimum radiation known to produce tumors in man is in the 
order of 2,000 rads, which would be 10 microcuries. ‘The present 
MPC for industrial workers is 1 microcurie, and this would give 200 
rads over a 70-year period. (The tenth of a microgram of radium 
would also give about 200 rads.) The total dose from natural radia- 
tion, based on the estimates of Dr. Robert Dudley of Massachusetts 
Institute of Technology, from all sources of radiation to the skeleton 
over a life span of 70 years, would be in the order of 10 rads. Thesun- 
shine unit, 1 times 10 to the minus 8 microcuries of strontium, would 
deliver about two-tenths of a rad to the skeleton in 70 years. 

I will leave this up on the board so you can refer to it as the order 
of magnitude, and I will try to keep all of the units in rads so that 
this will give a basis for comparison. 

I should like to go back to my statement in the section titled “Com- 
mentson * * * Bone Tumor Formations * * *.” (See p. 1171.) 

The patient with the smallest total body radium known to induce 
tumor formation, in which the possibility of contamination of the 
thorium series is unknown, died from a bone tumor in 1952. The esti- 
mated total body radium was 0.9 microgram. The time after admin- 
istration is unknown, however, it is reasonable to assume that it was 
about 25 years. Based on the estimates above, the patient would have 
received a total accumulated does of about 1,800 rads during the 25- 
_year period. 
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Histopathological changes have been demonstrated by roentgen- 
ographic examination of the skeletons of radium patients prior to de- 
velopment of the tumors. It is generally considered that the bone — 
tumors developed in or around areas of atypical osseous tissue forma- 
tion. Bone tumors have been shown to develop in or around the 
abnormal bone formation in animals given plutonium, strontium, and 
other radio elements. 

If it could be shown that these histopathological changes are pre- 
liminary steps to bone tumor formation, then it could be assumed that 
as long as the body reparative processes prevented the abnormal bone 
for mation, bone tumors would not develop. It should be emphasized 
that the associated histopathological changes seen prior to bone tumor 
formation in the radium patients may be coincidental findings. Proof 
of a correlation must await a better understanding of tumor induction 
by radiation, 

Now there is one other bit of information in which I must emphasize 
little reliance can be placed. However, it is the best available evidence 
we have in man. This information pertains to the latent period of 
tumor development in relationship to the magnitude of the dose. 

In reviewing the latent period for tumor induction in the luminous 
dial workers reported by Martland in 1931, it was found that the 
latent period for tumor formation was about 5 to 10 years in 6 patients 
who developed tumors. Only 3 of these patients had estimates of 
total body radium reported, and these estimated were 6, 15, and 50 
micrograms. 

The 8 luminous-dial workers who were examined in the recent 
Boston-Chicago investigations, and who died from bone tumors, lived 
for an average of 25 years after beginning employment. The average 
total body radium was 3.4 micrograms—range of 0.5 to 10 micro- 
erams. 

We have very meager data, but there does seem to be an inverse 
relationship between the latent period and the radiation dose neces- 

sary to produce bone tumors. The estimates based on this would be 
in the same order of magnitude as the estimates we have by the 
known radiation dose that produces bone tumors in man. 

Therefore, the available clinical information we have at present 
indicates that the radiation dose for bone tumor production in man 
from both internal and external radiation is in the order of 2,000 rads, 

The present MPC for radium, as I mentioned previously, was estab- 
lished in 1941, The fact that ‘We are finding changes now at four- 
tenths of.a microgram, which is four times gr reater than the MPC, is 
probably offset by the confidence in the larger group of patients which 
we have studied for longer periods of time. It is reassur ing that it 
has not been necessary to change the MPC of radium over this long . 
period of time, in view of the lar ge amount of information that has 
been accumulated since it was established. 

I have listed some of the factors which may permit the raising of 
the present levels for strontium 90, As I have pointed out, estimation 
of the mesothorium and radiothorium content in luminous-dial work- 
ers is being carried out. If it is found that the mesothorium and radio- 
thorium contribute significantly to the dose, this would permit raising 
the present levels. 

The characteristic changes we have seen may occur in the normal 
population, and further studies may permit us to obtain a better 
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understanding of how these changes are produced, thereby permitting 
a raising of the MPC. 

As I mentioned in the introduction, most of these people were 
studied beginning about 15 or 20 years of age, so we have a gap in our 
knowledge of the younger age groups, which might necessitate lower- 
ing the present level. The present MPC is based on our present 
methods, and knowledge of the clinical changes produced by radio- 
active materials. It is possible that other subclinical effects may 
occur which may necessitate lowering the MPC. 

In summary, it is considered that the best estimates which can be 
made in regard to the effects of strontium 90 over a life span of 70 
years on the present incomplete information on the effects of radium 
in man are as follows: 

The skeletal content of strontium 90 necessary to produce a bone 
tumor in a life span of 70 years would be in the order of 10 micro- 
curies of strontium. 

The skeletal content of strontium 90 necessary to produce signifi- 
cant changes, such as destruction of the hip would also be in the order 
of 10 microcuries of strontium over a life span. 

The skeletal content of strontium necessary to produce minimal 
skeletal changes, which were demonstrated roentgenographically, 
would be in the order of 2 microcuries of strontium. 

It should be emphasized again that these estimates of the concen- 
trations of strontium 90 which-may produce skeletal damage are the 
result of estimates based on the available information at present. 

Representative Hotirretp. Have you finished, Dr. Looney? 

Dr. Loonry. Yes. 

Representative Horirtetp. Are there any questions of Dr. Looney ? 

Representative Van Zanpr. Mr. Chairman ? 

Representative-Hortrretp. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Looney, you have spelled out for 
us the effect of radium on the skeleton and explained how it pro- 
duced bone cancer. Has radium in any way, shape, or form affected 
the blood to the point of developing leukemia or arthritis? 

Dr. Loonry. As I mentioned, the hematological changes in these 
people have been minor. In one case the patient died from renal 
insufficiency and there was a question of leukemia, but I would have 
to look this up. 

Representative VAN Zanpt. What about arthritis? 

Dr. Looney. Arthritis—I suppose the effects of radium might be 
considered a destructive form of arthritis. These people get destruc- 
tion of the hip so this is, in a sense, a form of destructive or degen- 
erative arthritis. 

Representative Van Zanpr. Dr. Looney, to your knowledge, has 
radium produced any other effects to the human body other than 
bone cancer ? 

Dr. Loonry. That I know of, no sir. The major effects are the 
skeletal changes, and the bone tumors. 

Representative Horirterp. Dr. Looney, your presentation has been 
very valuable, and particularly the well-documented written presen- 
tation, which will be included in toto in the record. 

I appreciate particularly having the pictures of the bone structures 
that are represented by your clinical and experimental experience in 
the record, 
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Thank you very much. 

(The prepared statement together with “A Study of the Dynamics 
of Strontium and Calcium Metabolism and Radioelement Removal” 
submitted by Dr. Looney follows:) 


Tue BASIS FOR THE PRESENT MAXIMUM PERMISSIBLE CONCENTRATION FOR RADIUM 
AND ITs RELATION TO THE MAXIMUM PERMISSIBLE CONCENTRATION FOR 
STrroNtTIUuM 90 


A statement perpared for the Joint Congressional Committee on Atomic Energy 
on the subject “The Nature of Radioactive Fallout and Its Effects on Man,” 
June 4, 1957, by William B. Looney, M. D.,* the John Collins Warren Labora- 
tories of the Huntington Memorial Hospital of Harvard University, Massa- 
chusetts General Hospital, Boston, Mass. 


INTRODUCTION 


Man is constantly confronted with toxic agents in his environment, which, 
if present in sufficient quantities, may produce temporary or lasting changes. 
By the accumulation of clinical and experimental information about the quantity 
of these toxic agents which produce minimal changes, safety measures are 
established. The present maximum permissible concentrations for radioele- 
ments in use today are based primarily on the results of clinical and investiga- 
tive studies made over the past half century. 

The principal sources of material for the study of the effects of internally 
deposited radioactive materials in man have been individuals who were em- 
ployed in the luminous dial industry and persons who received radium for 
medical purposes. Radium salts had been given orally and intravenously for 
hypertension, arthritis, anemia, and other medical disorders from about 1915 
to 1930. The painting of watch dials with luminous materials containing 
radium, mesothorium and radiothorium started in this country in about 1914. 
Adequate safety measures were not taken until about 1925-27, following the 
deaths from bone tumors, anemia, and crippling bone lesions which occurred 
in some of these workers (41). 

The first report in regard to the maximum permissible concentration (MPC) 
for radium was made by the National Bureau of Standards in 1941 (9). Seven 
individuals, having from 0.02 and 0.5 micrograms of radium in their bodies from ~ 
7 to 25 years had no noted changes referable to the deposition of radioactive 
materials. However, death had occurred in patients having as little as 1.2 
micrograms of radium. The maximum permissible level of body burden for the 
amount of radium which remains after early rapid elimination was considered 
to be 0.1 micrograms. 

Two investigations of 50 radium patients and 28 luminous-dial workers were 
made in Boston and Chicago and recently reported (3, 25). As a result of these 
two investigations, greater reliance can be placed in the MPC for radium. 
These investigations have given information about the efiects of radium de- 
posited for long periods of time in quantities at or near the present MPC. One 
of the most important results of the recent investigations is that a relationship 
between an objective clinical finding (skeletal roentgenographic abnormalities) 
and the physical estimate of total body radium could be made within a specific 
dose range. 

This report is a condensation of a review article published recently in the 
Journal of Bone and Joint Surgery (27), which summarizes the results of 
studies made on the radium patients and the luminous dial workers over the 
past 40 years. 

The clinical course following the deposition of varying amounts of radium 
has been divided arbitrarily into two categories in this report. 


A. Patients with total body radium content at or near the MPC of 0.1 micrograms 
with either no detectable clinical effects or minor skeletal changes 


Thirteen of the seventy-eight patients studied in the Boston-Chicago investiga- 
tions had between 0.01 and 0.4 micrograms of radium, and with the exception 
of 2 cases listed below, none had either symptoms or skeletal changes which 
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could be attributed to radium. One patient with 0.4 micrograms of radium, age 
83 years, was incapacitated with arthritis, therefore it was difficult to differ- 
entiate between the skeletal changes which may have been produced by radium 
from those which may have been produced by the skeletal disorder and disuse 
atrophy. Roentgenographs of the teeth of the other patient demonstrated areas 
of resorption in the teeth similar to those seen in other patients with greater 
amounts of radium. This patient was 32 at the time of examination. He had 
received radium water as a tonic between the ages of 8 to 10 years. The total 
body radium was only 0.15 micrograms of radium. It was considered that the 
early age of administration of radium may account for the dental changes with 
only a 50 percent larger radium content than the MPC of 0.1 micrograms. 


B. Chronic effects of radium 


1. Patients studied during the first and second decades following the initial 
medical and industrial use of radium (1915-35) —These patients were symptom 
free for about 10 years (31). Following the latent period, various changes 
_ relating to the skeleton began to develop. Death usually occurred from tumors 
of the skeleton, anemias or crippling bone lesions, or all three. Twenty-five of 
these cases were reported in the two decades which followed. Estimates of the 
radium content of the body began to be reported on these patients; however, the 
reliability of these estimates is hard to ascertain. These estimates ranged from 
about 5 to 100 micrograms of radium. 

2. Patients studied during the third and fourth decades following the initial 
medical and industrial use of radium (1935-55 ).—WSixty-five of the seventy-eight 
patients evaluated in the recent Boston-Chicago investigations, having between 
, 0.5 and 23 micrograms of retained radium, had either roentgenographic changes 
er symptoms, or both, which could reasonably be attributed to radium. The 
exceptions to this were three patients having betwen 0.5 and 1 microgram 
of radium haying no skeletal abnormalities demonstrated roentgenographically. 
There was no proportionate increase in either the frequency or severity of the 
roentgenographic changes and symptoms with increasing amounts of radium 
in the body. The wide variation in the clinical abnormalities is consistent with 
the hypothesis that the changes observed are the result of a dynamic relationship 
between the reparative processes of the body and the destructive processes of 
the body acting in conjunction with the releterious effects of radium. 

The mean age of the 28 luminous dial workers in the Boston-Chicago study 
Was 21 years at the time of employment, and the mean age of the 50 patients at 
the time of radium administration was 34 years. The average time of retention 
was about 25 years in both groups, with a range of about 10 to 35 years. The 
average age of the patients in 1951 was about 50 years (range from 40 to 80 
years). Seven of the 50 patients given radium have died; 5 died from tumors, 
1 from anemia, and 1 from multiple causes; 11 of the 28 luminous dial workers 
are dead; 8 died from tumors, 1 from broncho-pneumonia, 1 from a urinary 
disorder, and another from renal insufficiency and leukemia. The average age 
at death for the radium patients was about 65 years, and the average age at 
death for the luminous dial workers was about 45 years. The average time 
of deposition of radium until death of the 18 patients was about 25 years, and 
average total body radium was about 5 micrograms. 

As far as we have been able to determine, 10 of the 50 radium patients and 
16 of the 2S luminous dial workers were discovered because of symptoms. It is 
apparent that these patients represent a biased sample from the population 
of radium patients and luminous dial workers. Correction for this biased 
Sampling should be made in any attempt to relate the frequency of bone tumors 
and bone destruction in these patients with estimates of the frequency of these 
changes with comparable amounts of strontium 90. 


RADIUM ELIMINATION 


Radium is considered to be dispersed throughout the soft tissues and the 
skeleton when it first has been taken into the body (43). Most of the radium 
is eliminated during the first week (42, 43) (fig. 1). Fecal excretion is the 
major route of elimination in early and late cases. From 90 to 97 percent of 
the radium which is eliminated is eliminated in the feces and only 3 to 10 
Percent is eliminated in the urine (2, 35, 42). It has been reported that the 
rate of elimination following inhalation or ingestion is more rapid than that 
following intravenous administration (40, 42). Results from recent studies, 
however, indicate that these differences in the rate of elimination are not so 
pronounced as it was previously thought (26, 30, 35). Within a matter of 
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months, 90 to 99.9 percent of the radium is eliminated (40, 48). The age, the 
total amount of radium injected, and the estimates of the injected dose in 19 
patients at 6 months, 12 months, and 20 years, have been reported (35). The 
average amount of the injected radium remaining at the times these estimates 
were made was 4.7 percent, 2.2 percent, and 0.8 percent, respectively. 

The amount of the remaining radium eliminated daily becomes less and less 
(26). The available clinical data on the coefficient of elimination’ of radium 
are given in figure 1. The marked change in the coefficient is elimination at 1 
week has been considered to be the result of the elimination of the principal 
portion of radium from the soft tissues and the gastrointestinal tract and the 
change at 1 year has been considered to be the result of the elimination of the 
principal portion of radium from the more accessible parts of the skeleton. It 
is reasonable to conclude that the decreasing rate of elimination of radium is 
from the more inaccessible parts of the skeleton after 1 year. 

About 15 to 385 percent of the absorbed radium is eliminated the first day. 
The amount of the remaining radium eliminated daily after 1 week is less than 
1 percent. After about 10 years, it varies from 0.002 to 0.009 percent of the body 
content. The coefficient of elimination after about 20 years varies from about 
0.002 to 0.016 percent of the body content (35, 48). 


THE MANNER OF RADIUM DEPOSITION IN THE BODY 


A. Autoradiographic study of radium deposition 

Entire bones were sectioned serially and a comprehensive picture of distri- 
bution throughout the entire bone was obtained by placing the sections on roent- 
genographic film (3, 28). The precise manner of the deposition of radium was 
obtained by detailed autoradiography (1, 8, 23). Histological sections were 
covered with a photographic emulsion. After the emulsion and staining had 
been developed, simultaneous study of radium deposition and histopathological 
change was made. 

Radium was found in small areas of high focal concentration irregularly dis- 
tributed in both compact and cancellous bone. In compact bone only a small 
percentage of the Haversian systems and interstitial lamellae had appreciable 
concentrations of radium. In some instances radium was concentrated in 1 
or 2 concentric lamellae, in other instances it was deposited around the central 
canal or periphery of the Haversian system. 

The areas of radium concentration in travecular bone were usually 5 to 15 
micra in the greatest dimension. However, there was a wide range in size and 
shape of these areas, and they were found at any depth within the trabecula. In 
some instances linear concentrations ran parallel to the curvature of the trabec- 
ula for 50 to 100 micra. Heavy and rather uniform concentrations of radium 
were present at the junction of the articular cartilage and the traveculae of the 
long bones in the gross autoradiographs. In the study by gross autoradiography ~ 
it was found that frequent small highly concentrated areas resulted in outlining 
the bone contours (fig. 8). Some cementing lines were clearly outlined by heavy | 
concentrations of radium. 

In some sections exposed for long periods of time there was a much less 
concentrated and a much more uniform distribution of radium. These findings 
are in agreement with existing theories that radium has more than one princi- 
pal mode of deposition. The small highly concentrated areas may have been 
areas in which bone formation was taking place at the time of administration 
or redistribution. The more uniform and less dense distribution may be the 
result of inorganicion exchange (23). (See figs. 2, 3, 4, 5.) 


HISTOPATHOLOGY 


The histopathological changes which are most important diagnostically are: 
(1) the formation of an atypical osseous tiSsue in the trabecular spaces of 
cancellous bone, and (2) well differentiated areas of destruction in compact bone. 

Martland divided the changes in the skeleton into three stages, all of which 
are primarily concerned With the bone marrow (31). In stage III, however, he 
did state that bone absorption and considerable decalcification did occur along 
with the replacement of bone marrow and noncellular fibroblastic tissue. 


2The coefficient of elimination is equal to the amount of radium eliminated per unit 
time (days) divided by the amount of radium in the body at the time the elimination 
measurements were made, 
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Studies of the skeletal changes produced in animals following the deposition 
of radioactive elements clarify the mechanism of production of the histopatho- 
logical changes that have been found in human material. Heller and Bloom 
and Bloom concluded from their studies of such bone-seeking radioactive elements 
as strontium, yttrium, plutonium, and radium that similar changes were pro- 
duced by all of these radioactive elements. 

Following radium injections in mice the most spectacular change was a dense 
atypical bone in the metaphysis. This started from the proliferation of spindle 
cells which formed a dense fibrous tissue. Areas of calcification occurred in this 
fibrous tissue to form an atypical osseous tissue. It was also found to lesser 
degree in the shafts of the long bones and in the vertebrae. This was accom- 
panied by the disappearance of osteoblasts, swelling and degeneration of car- 
tilage cells, and death of most of the osteocytes. Repair began along with the 
destricutive effects of radium. In the lower dose ranges, reversible changes 
occurred so that in a matter of months normal bone was found on histological 
examination. Larger amounts of radium producted more severe and lasting 
changes. The epiphyseal cartilage varied tremendously in width, and the entire 
metaphysis was abnormal in appearance. The atypical osseous tissue remained 
in these animals at all intervals up to the termination of the experiment at 5 
months. 

The femoral shaft contained varying degrees of empty lacunae and. dead 
oseocytes. The bones of the shaft varied from the relatively smooth contour 
to greater or lesser irregularities on the endosteal surface with projection into 
the marrow eavity. 

Historical specimens have been obtained from 3 luminous-dial workers and 6 


' patients who had received radium. The radioactive elements had been present 


in the skelton from 12 to 35 years preceding biopsy and autopsy. Two luminous- 
dial workers and two patients who had received radium had bone tumors. 

The histopathological changes were similar in certain respects to those changes 
found by Martland, Heller, and Bloom and Bloom (4). Atypical osseous tissue 
was present in cancellous bone. It was usually found near the articular surface 
of such bones as the humerus and femur, in addition to being found in the meta- 
physeal area. The atypical osseous tissue was laid down adjacent to the trabec- 
ulae in some areas. In some areas there was hyperplasia of the trabeculae, 
while in others destruction of the trabeculae was present. The trabecular spaces 
were usually filled with an acellular fibrous tissue. In general there was an 
absence of radioactivity in the atypical osseous tissue and accellular fibrous tissue 
was found in the autoradiographic study. In most cases, there was a prominent 
absence of osteocytes in the lacunae, and there was little evidence of bene 
regeneration. 

In compact bone, the central canals showed a wide variation in size from nor- 
mal to the nearly complete destruction of the entire Haversian system. A 
large number of the central canals were occluded with a dark staining material 
similar to the atypical osseous tissue in the trabecular spaces. There was usually 
an absence of cells in the lacunae. Minimal evidence of bone regeneration was 


‘observed, and areas of destruction usually were replaced with fibrous connective 


tissue. 

In addition to the microscopic areas of destruction, macroscopic areas of 
destruction have been observed in compact bone 1 to 2 millimeters in width 
and 5 to 20 millimeters in length. Radium concentrations were rarely found in 
or around the macroscopic areas of destruction. Areas of transition in which 
both radium concentrations and microscopic change appear together have been 
found rather infrequently. 

It has been shown that a correlation exists between the frequency of destruc- 
tive changes and the amount of radium deposited in the body. It has been 
postulated that these macroscopic areas of destruction occur as the result of 
the fusion of adjacent central canals of Haversian systems undergoing destruc- 
tive changes. It has been further postulated that the radium had been removed 
from the macroscopic areas of destruction by the time the changes occurred. 
If direct irradiation was the primary mode of production of the skeletal changes, 
more areas of transition should have been found in which both radium deposition 
and skeletal histopathological changes were present. It is evident that con- 
siderable difficulties are inherent in any attempt to reconstruct a pathological 
process which has been going on for 20 to 30 years from specimens taken at the 
termination of the process. 

As a result of these observations, it is considered that radium deposited in the 
skeleton usually initiates a sequence of events which eventually produces patholog- 
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ical changes. These changes are probably the end result of many intermediate 
factors such as trauma, damage to blood supply, hormonal imbalance, decreased 
bone repair, and increased bone destruction from other vauses. Evidence from 
the histological sections indicates that Haversian systems may undergo periods 
of resorption followed by periods of bone formation. There was a subnormal 
appearance of the bone in many instances. Some of the destructive changes may 
be the result of the inability of bone to maintain normal repair. It is evident 
that the relationship between radium deposition and skeletal change is complex, 
It is reasonable to conclude that when the destructive effects of radium and other 
deleterious intermediate factors become greater than the reparative processes 
of the skeleton, permanent alternations occurs (see figs. 6, 7, 8, 11, and 12). 


HEMATOLOGICAL FINDINGS 


In 1924, Castle, Drinker, and Drinker (8) reported the hematological findings 
of 22 luminous-dial workers. The erythrocyte count was below 4 million in 6 
percent of these caSes and above 6 million in 19 percent. The white-blood-cell 
count was below 7,000 in 27 percent of the workers. Abnormal erythrocytes 
occurred in 86 percent of the series. There was an increase in lymphocytes and 
monocytes and decrease in the polymorphonuclear neutrophils found on differ- 
ential examination. 

In 1948, the Public Health Service (41) made a study of 196 employees of 
luminous-dial-painting plants. Anisocytosis was found in 11 percent of these 
people, and poikilocytosis in 8 percent. The average erythrocyte count in the 
Public Health Service series was 4,300,000 as compared with an average of 
4,500,000 in a series of 31 control patients. 

Hematological data were available on four patients who died. Two of these 
patients died from malignant tumors—patient (R-24) and patient (B-7). 
Patient (R-44) died from aplastic anemia and patient (L-27) died from sec- 
ondary infection and debilitation. 

The marked pancytopenia that occurred in Martland’s cases had not occurred 
in the patient evaluated in 1951. A short time before death, there were usually 
about 3 million erythrocytes per cubic millimeter and 10 grams of hemoglobin 
per 100 cubic centimeters. No hemorrhagic manifestations occurred in these 
patients. Some of Martland’s cases had less than 1 million erythrocytes and less 
than 1,000 leukocytes per cubic millimeter shortly before death. He considered 
the anaemia which developed in his patients to be of a regenerative type resem- 
bling pernicious anemia, and he described the hematological changes in the 
following way: “The blocd in this case showed a profound anemia, character- 
ized by a large cell anisocytosis, by the presence of megaloblasts and by a marked 
leukopenia. There was not, however, a hyperbilirubinemia, and the van den 
Bergh tests were negative. The anemia is, therefore, not a hemolytic anemia. 
It is not an aplastic anemia, since there is marked embryonal blood formation. 
The fault lies in a long continued irritation of the hematopoietic system, the 
hemolytic or reticuloendothelial system being unaffected. There is a stage of 
stimulation followed later by sudden exhaustion of the erythroblastic and leuko- 
blastie centers with the production of a rapid, fatal anemia with leukopenia, 
which fails to be influenced by any form of treatment.” Red regenerative 
marrow was present in the femora of some of these patients. - 

These changes in the hematopoietic system are similar to those seen in the 
acute radiation syndrome. Most patients who lived less than 6 weeks following 
external radiation had hypoplastic marrow. Some patients who died at 4 to 5 
months after exposure had diffuse myeloid hyperplasia which involved even such 
long bones as the femur. Occasionally the marrow appeared pink and gelatinous. 

The bone marrow of patient (R-24) was studied in 1948, 18 years after radium 
administration. It was reported to be distinctly overactive. There was mod- 
erate erythroblastic activity with an excessive number of cells in mitosis without 
a shift to the left. The remainder of the cells were normal. The erythrocyte 
count was 5,300,000 per cubic millimeter and hemoglobin was 12 grams per 100 
cubie centimeters at this time. The erythrocyte count was 3 million per cubic 
millimeter and hemoglobin was 9 grams per 100 cubie centimeters shortly before 
death in 1951. Small pink areas of hyperplasia was found in the femur and 
tibia at autopsy. Sternal marrow from patient (R-48) revealed extremely 
atrophic marrow shortly before her death in 1947. There were only small areas — 
or erythropoiesis and the remainder of the marrow was composed principally | 
of fat cells. No evidence of excess destruction, serious fat atrophy, or fibrosis 
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was observed. The hemoglobin at this time was 12.6 grams per 100 cubic centi- 
meters and the erythrocyte count was 3,890,000 per cubic millimeter. 

Patients who have over one microgram of retained radium are more likely to 
have anisocytosis, poikilocytosis, and hypochromia of the erythrocytes than those 
having under one microgram. However, significant hematological changes usually 
do not occur until late in the course of the disease. 

In view of this additional information, it appears that little qualitative differ- 
ence exists in the hematological response to internal or external radiation. If an 
individual had received large enough amounts of radioactive substances internal- 
ly, hematological changes occurred which were similar to the hematological 
changes following exposure to large amounts of external radiation. In individuals 
who had received smaller amounts of either internal or external radiation, the 
hematological response at any given time was varied. The type and number of cells 
in the circulation at any specific time is the result of the natural survival of the 
cells and the balance between their radiosensitivity and their ability to recover 

‘from injury. 

The red regenerative marrow that Martland described was in all probability 
an abnormal attempt of the hematopoietic system at increased production as a 
result of damage. Martland’s term leukopenia anemia of regenerative type 
which was used to describe the hematological changes in the luminous-dial 
workers does not seem to be appropriate. The anemia that develops in these 
patients and the patients who had received radium would be more suitably placed 
in the category of primary refractory anemia in which either a hyperplastic or 
hypoplastic (aplastic anemia) bone marrow may be found. No leukemias have 

_been found. 
ROENTGENOGRAPHIC CHANGE 


Areas of increased density have been found in cancellous bone on a skeletal 
roentgenographic examination. This roentgenographic change is the result of a 
typical osseous tissue in the trabecular spaces; infrequently it is the result of 
hyperplasia of trabeculae. Well-defined areas of decreased density were found 
in compact bone. These were the result of the destructive changes in the cortex 
of the bone. 

These changes were divided into three groups, principally on a descriptive basig 

24); 

- Group I: Areas of decreased density which were usually 1 to 2 millimeters in 
width and 5 to 20 millimeters in length in the long bones which gave a streaked 
appearance, and “punched-out” areas varying from 2 to 20 millimeters in the 
greatest dimensions present in the skull. 

Group II: Areas of increased density usually associated with areas of decreased 
density with varying degrees of change in the trabecular pattern. These usually 
occurred in the femoral head, the humeral head, and the glenoid process, giving a 
mottled or motheaten appearance. There was an increase in frequency of bicon- 
eavities and collapse of the vertebras in patients having larger amounts of re- 
tained radium. Areas of increased density were found along the superior and 
inferior borders as well aS small areas of increased density in the vertebral 


es. 

Group III: The term “aseptic necrosis” has been used in referring to the 
changes in normal configuration. The heads of the femora, the bones of the feet, 
and the mandible were most commonly involved. 

Serial roentgenograms of a few of these patients over long periods of time 
have been obtained. In most of the available serial roentgenographic studies, 
changes were not found until years after the deposition of the radioactive 
element. Periods of skeletal change may occur and may become stabilized or 
may improve. Later skeletal changes occur with increasing See a 

For example, one patient (R-50) was given radium in 1922 (age 42 or 44), 
Ten years later skeletal roentgenographic changes characteristic of radium dep- 
Osition occurred primarily in the mandible. These changes gradually im- 
proved. In 1940 (age 60) a significant increase in skeletal involvement occurred. 
There was a gradual increase in frequency and severity until her death in 1949. 
Roentgenograms of the skull of another patient (R-24) in 1948 demonstrated 
12 areas of decreased density ; the number of areas had increased to 22; however, 
there was minimal increase in the size of the areas. The size of these areas 
usually did not become greater than dimensions given in the description of the 
roentgenographic findings. Infrequently, however, they may be as great as 3 to 4 
centimeters in diameter. The usual sequence of events was an increase in num- 

bers, as well as an increase in the number of bones involved. 
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It is evident from these and other serial roentgenograms that these changes 
do. not beome detectable until many years after the deposition of radioactive 
elements. The possibility of skeletal histopathological changes being produced 
and remaining undetected reontgenographically for years must also be consid- 
ered. There were no roentgenographic changes found on complete skeletal 
roentgenographic examination of patient (R-13) in 1950, with the exception of 
an aseptic necrosis of the right femoral head. However, minor histopathological 
changes characteristic of the deposition of radioactive elements were found in 
sections of the left fibula of this patient. In 1954, roentgenographie changes 
characteristic of the deposition of radioactive elements were present in the 
fibula and other long bones. 

It has been shown that skeletal histopathological changes are reversible in 
animals following the deposition of radioactive elements. The history of an- 
other patient (R-50) demonstrates that skeletal changes as seen by roentgeno- 
gram are reversible in man following the deposition of radioactive elements. It 
is reasonable to assume, therefore, that reversible skeletal histopathological 
changes occur in man, as well as in animals, following the deposition of radio- 
active elements. When the reparative processes are able to be maintained ata 
level equal to the destructive processes, no detectable changes occur as seen by 
roentgenogram. If the ability to maintain skeletal repair is impaired or de- 
creased, more and more permanent alterations probably result from the imbal- 
ance between the reparative and destructive processes. 

Histopathological changes have been present to such a degree that roent- 
genographic changes have been found in many patients who are symptom-free. 
However, significant clinical changes usually do not occur in the absence of 
skeletal roentgenographie change. The results of skeletal roentgenographic, 
autoradicgraphic, and histopathological studies made on serial bone sections 
indicate that repeated skeletal roentgenographic examinations are the most sat- 
isfactory clinical methods for the early detection of skeletal alterations following 
the deposition of radioactive elements. 

Thirty of the patients who were given radium for medical reasons and two 
luminous-dial workers were selected because each of these patients had had a 
complete skeletal roentgenographiec examination. They were arranged in order 
of increasing amounts of retained radium from 0.5 to 14 micrograms, and the 
skeletal changes characteristic of the deposition of radioactive elements were 
tabulated. ‘These patients were arbitrarily divided into three groups, those 
patients having between 0.5 and 1 microgram of retained radium, those having 
between 1.1 and 2 micrograms, and those having between 2.1 and 14 micrograms. 
Table I gives the age and sex of 32 patients 21 years after the deposition of 
radioactive materials. 

Forty individuals were selected at random while undergoing physical exami- 
nation at the Argonne National Laboratory for skeletal roentgenographic 
examination to act aS a control group. It would have been desirable to have 
matched controls; however, the results of these roentgenographic examinations 
greatly minimized the possibility of the minor changes being present to any 
significant degree in the general population. 

Five luminous-dial. workers having between 0.02 and 0.4 micrograms of radium 
and 4 radium patients having between 0.01 and 0.4 of radium had complete 
skeletal surveys. One 83-year-old patient (0.4 micrograms of radium) had 
roentgenographie changes characteristic of radium deposition. The interpre- 
tation of these changes was difficult because of the marked arthritic abnor- 
malities. Another patient with 0.15 micrograms of radium had areas of resorp- 
tion of the teeth. 

The five bones (skull, radius, ulna, tibia, and fibula) which were most fre- 
quently the sites of decreased density were first tabulated (chart I). The 
frequency of involvement was expressed as a percentage of the total number 
of bones that could possibly be involved. No distinction was made between 
unilateral or bilateral involvement, since the long bones were involved bilaterally 
in all but about 10 to 20 percent of the cases. 

For example, in the 15 patients having between 0.5 and 1 microgram of 
radium, a total number of 75 bones could be involved; only 6 bones had changes 
characteristic of radium deposition or about 10 percent of the total number of 
bones. In group II, about 55 percent of the bones had characteristic changes, 
and in group III about 65 percent of the bones were involved. 

Attempts were made to find some correlation between the severity of bone 
changes and increasing amounts of radium. The skeletal changes were divided 
into six grades of severity (27). With increasing amounts of retained radium 
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in the body, a proportional increase in roentgenographie changes does not occur. 
In addition, there is a marked individual variation in the amount of retained 
radium in the body. In some patients who had the greatest amounts of retained 
radium, only minor changes occurred, while other patients who had only one- 
fifteenth to one-thirtieth as much had more severe'skeletal changes. Chart II 
graphically demonstrates this clinical observation in regard to the roentgeno- 
graphic changes. Patients in group III had about 5 times as much radium as 
those in group II; however, there is only a 10 percent increase in the frequency 
of involvement. This lack of correlation between group II and group III is 
further emphasized by the fact that the average age of group III is 60 compared 
with an average age of 50 in group II. This finding and the finding of a sig- 
nificant increase in roentgenographic changes and symptoms at 1 microgram, 
even though the luminous-dial workers were 13 years younger, are suggestive 
that age at the time of deposition is not a major factor in the eventual produc- 
tion of roentgenographic changes. The fact that some of the patients had 
between 0.1 and 0.5 microgram of radium deposited for 25 to 30 years and 
had no roentgenographic changes is suggestive that time of retention per se 
may not be a major factor in the eventual production of roentgenographic 
changes. It is to be emphasized that these observations, suggesting that the 
time of deposition and the length of retention are not important, may well be the 
result of biased sampling of the patients, as well as an inadequate number of 
patients. 

The most important result of these studies is that a definite correlation has 
been made between an objective ciinical finding and the estimated amount of 
radioactive element retained in the body. For the first time, a semiquantitative 
relationship between the frequency of the reentgenographic changes and retained 
radium has been established within a certain dose range. No characteristic 
roentgenographic changes have been observed in patients having under 0.1 micro- 
gram of radium and relatively few changes have been found in patients having be- 
tween 0.1 to 0.5 microgram of radium. Between 0.5 and 1 microgram of radium 
changes began to occur with increasing frequency and those patients having over 
1 microgram of radium had a considerable increase in the frequency of the 
roentgenographic changes when compared with the patients having under 1 micro- 
gram ofradium. (See figs. 9, 10, 11, 13.) 


SYMPTOMS 


Symptoms which can be reasonably attributed to radioactive element depo- 
sition usually result from destructive changes in the skeleton in patients with 
small amounts of radium. When symptoms do occur as a result of skeletal 
change, there are usually not severe in comparison with the extent of skeletal 
damage. In some instances, there is neither a progression of the skeletal lesions 
nor of the symptoms following the production of the skeletal change. For. 
example, aseptic necrosis of the head of the femur in one patient developed in 
1940 (age 30 years). This was followed by limping and discomfort on walk- 
ing. However, during the period between the onset of symptoms and the exam- 
ination in 1951, little progression of either limping or discomfort on walking 
occurred. There was also minimal discomfort following the aseptic necrosis of 
the head of the radius in another patient (R-23) since the beginning of symptoms 
in 1947. Another patient had aseptic necrosis of the head of the femur 22 years 
after the administration of radium at the age of 50 years (25, 27). She had no 
other symptoms or changes that could be related to the deposition of radioactive 
elements. 

Skeletal changes usually occur in bones subject to weight-bearing or to repeated 
trauma (31). Aseptic necrosis usually occurs in the heads of the femora and 
the bones of the feet. Collapse of the veterbrae is occasionally found, while 
fractures almost always occur in the femoral shaft. One patient (L-27) frac- 
tured her left femur while pressing her foot to the floor of an automobile. 
Patients (L-14) and (R-35) sustained fractures of the shafts of the femur on 
minimal trauma. Healing of the fractures was delayed, but proper union oc- 
curred in all patients. Rarely, patients may have femoral fractures with per- 
manent nonunion. Patient J. J. had collapse of some of the vertebral bodies with 
associated pain that required the wearing of a Taylor brace for control, while 
patient (R-44) had more marked vertebral changes with minimal discomfort. 

Many of the patients did not have any symptoms which might be attributed 
ts radium intake. Other than an increased risk of skeletal injury or tumor 
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formation, they may never have any recognized clinical changes as a result of 
radioactive element deposition. 

In attempts to correlate clinical change with the amount of radium in the 
body, marked variations were found. The history of patient (R—49) illustrates 
this clinical observation. The only difficulty that he had was a march fracture 
of the foot which had healed uneventfully. The patient was asymptomatic at 
the time of examination in 1951 and only minor skeletal roentgenographic 
changes were present which could reasonably be attributed to the deposition of 
radioactive elements. Fourteen micrograms were present in his body, 15 to 30 
times the amount present in some patients who had severe skeletal changes or 
tumor formation. 

The time between the deposition of the radioactive elements and the onset 
of the first symptoms was analyzed in order to see whether any correlation could 
be made between this period and increasing amounts of retained radium. 
Twenty-one of the 25 luminous-dial workers had symptoms referable to radio- 
active-element deposition and 25 of the 50 patients who had received radium 
had symptoms that could reasonably be attributed to radioactive-element 
deposition. 

The luminous-dial workers and patients who had received radium were divided 
into two groups. The first 10 patients of the luminous-dial workers who had 
symptoms and had between 0.1 to 1.5 micrograms of retained radium were 
compared with the 11 luminous-dial workers having between 1.6 and 18 micro- 
grams of retained radium. The average time before symptoms occurred in the 
first group was 16 years and in the second group was 15 years. The 25 patients 
who had received radium who had symptoms referable to the deposition of 
radioactive elements were divided into 2 groups. The first 12 patients had 
between 0.7 and 4.2 micrograms of retained radium, the other 13 patients had 
between 5 and 22 micrograms. The average time before symptoms occurred in the 
first group was 17 years and in the second group was 16 years. There was no 
increase in the time interval before symptoms occurred in the first group, even 
though there was from about 10 to 100 times less radium in the body. It should 
be noted that the period of latency before the onset of symptoms that could 
reasonably be attributed to the deposition of radioactive elements varied from 
1 to 32 years. 

Since no relation between increasing amounts of radium and the time before 
symptoms occurred from deposition of radioactive elements was found, the fre- 
quency of involvement of the femur was examined to see if some correlation 
could be made with the retained radium. Nine patients who had received radium 
had aseptie necrosis of the head of one or both femora as did luminous-dial 
workers. 

It is well known that aseptic necrosis of the femoral head usually occurs as 
a result of trauma or following fractures of the neck of the femur. It is also true 
that aseptie necrosis does occur in which the etiology cannot definitely be estab- 
lished. In these cases, it is considered that circulatory disturbances are the 
primary cause of the necrosis. The cause of the disturbance is poorly under- 
stood; it may be from gradual occlusion or from trauma (37). Unfortunately 
there is little information concerning the ineidence of unexplained aseptic 
necrosis of the femoral head. Estimates of the occurrence of aseptic necrosis 
of the femoral head from all causes approximated 1 in 200 in an orthopedic 
practice. 

The 14 percent incidence of aseptic necrosis of the femoral head in. these 
patients seems unusually high in the absence of a history of antecedents trauma 
or fracture. It is interesting to note that all of the lesions occurred in patients 
having 0.7 microgram or more of radium in their bodies. The average time from 
the deposition of the radioactive elements until symptoms referable to the 
femoral head occurred was 15 years, approximately the same as that for 
symptoms in all other parts of the skeleton. The time of onset varied from 
9 to 22 years. 

Almost all of the fractures occurred in the shaft of the femur. Some of the 
patients fractured both femora, as well as sustaining refracture one or more 
times. Fractures following such minimal trauma as pressure of the foot on the 
floor of the car emphasize the fragility of the skeleton that may result from the 
deposition of radioactive elements. | . 

Fractures of the femur occurred in 4 of the luminous-dial-workers and in only 
1 patient who had received radium. Again it should be noted that all of the 
fractures occurred in patients having 0.9 microgram or more of retained radium. 
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TUMOR FORMATION 


The clinical course of patients in whom malignant tumors eventually develop 
is illustrated in the following case histories. 

Patient (L-21) began to have symptoms ag a result of skeletal changes 11 
years after employment as a luminous-dial worker in 19384 (27). Several 
skeletal lesions occurred over a period of years following the deposition of the 
radioactive element. A biopsy specimen was taken from the left femur in 
1950, following the clinical diagnosis of chronic osteomyelitis. The histological 
diagnosis at that time was a low-grade inactive fibrous osteomyelitis associated 
with recent slow-growing cancerous type of fibrous osteoma. In 1952 pain began 
to occur and to increase in frequency in the left femur, and the roentgenograms 
were interpreted as being suggestive of malignant changes in the medial condyle. 
The extremity was amputated and an osteogenic sarcoma was found throughout 
the femur on histological examination. The patient died a few months later. 

Patient (R-24) had noted the onset of pain in the left foot 18 years (1948) 
after the administration of radium water (27). Roentgenograms of the foot 
a few months later revealed an area of decreased density in the left tarsal 
navicular. The condition became so severe that it necessitated the use of a 
cane. Roentgenograms at that time revealed marked destructive changes of the 
tarsal bones. Because of the marked increase in symptoms and the destructive 
changes in the foot in 1950, a biopsy was done and fibrosarcoma was diagnosed 
on histological examination of the specimen. The pain became generalized and 
required more and more analgesics to control; it was described as boring and 
burning in character. Intermittently, sharp knifelike pains occurred which lasted 
‘for afew seconds. The pain was not significantly influenced by motion, position, 
and temperature. The leg was amputated below the knee in February 1951. 
Examination of the amputated tibia revealed extension of the tumor. A 
sarcomatous lesion developed on the end of the stump a few weeks after the 
operation. The patient died in August 1951, as a result of generalized metastases, 
Areas of fibrosarcoma were found throughout the skeleton. In some parts of 
cancerous bone, it was difficult to distinguish between the fibrosarcoma and the 
fibrous connective tissue found in the trabecular spaces of patients without 
malignant involvement. 

It is evident from the case histories of patients (L-21) and (R-18) that 

the transition from a benign to a malignant lesion may be similar to that in 
many skeletal diseases. Both of these patients were first considered to have 
osteomyelitis and then osteoid osteoma. In patient (R-17) the diagnosis of 
osteoid osteoma of the finger had been made 1 year prior to the diagnosis of 
osteogenic sarcoma. Characteristic histopathological changes due to the dispo- 
sition of radioactive elements were found in reviewing the specimens from which 
these diagnoses were made. _ : 
_ The history of patient (L-8) emphasizes the need to follow these patients 
carefully. Patient has led a relatively normal life since 1934 as a result of 
prompt attention to symptoms occurring in the elbow. Following a biopsy and 
histological diagnosis of osteogenic sarcoma, the arm was disarticulated at the 
shoulder. 

Figure 14 shows the sites of origin of the tumors that developed in 13 of the 
78 patients. Hight of these patients were luminous-dial workers and five were 
given radium for medical purposes. Table II gives the age at the time of 
administration, the time from administration until the first symptoms occurred 
which could reasonably be attributed to the deposition of radioactive elements, 
the time from the first symptom until death, and the amount of retained radium. 
Since both groups of patients have approximately the same amount of radium 
retained in the body for about the same length of time it is not possible to 
make any differentiation between luminous-dial workers and patients who were 
given radium in relation to the estimated radium present. The average age at 
the time of employment in the luminous-dial workers was 17 years as contrasted 
with 39 years as the average age at the time of the administration of radium. 

Most of the patients in whom malignant tumors eventually develop follow a 
similar course. There is a latent period followed by symptoms which usually 
developed from changes in weight-bearing bones and bones which are subject to 
repeated trauma. Later tumor formation occurs at a site which is usually not 
the site of the icitial symptoms. When the malignant tumor develops, there may 
be a marked acceleration of the disease process and death usually occurs about 
1 to 4 years after the symptoms began at the site where the tumor originated. 
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THE RELATION OF THE CLINICAL CHANGES TO THE AMOUNT OF RADIUM PRESENT IN 
THE SKELETON 
A. Hematological changes 


Minor changes occurred with greater frequency in the erythrocytes in patients 
having more than 1 microgram of radium than those patients having less than 
1 microgram. The marked anemias found in the earlier cases were not present 
in the 78 cases studied recently. Two patients developed anemias a short time 
before death. Only one leukemia has been reported. 


B. Roentgenographic changes 


One of the most important results of the recent Boston-Chicago investigations 
was the ability to correlate the frequency of occurrence of roentgenographie 
changes characteristic of radium deposition with the physical estimates of total 
body radium. Thirty-two patients* having complete skeletal roentgenographic 
examinations were arranged in order of increasing amounts of radium and the 
changes tabulated (review section on roentgenographic changes. ) 


C. Symptoms 


Symptoms * which can reasonably be attributed to radium occur as a result of 
changes in the skeleton. Symptoms which could reasonably be attributed to 
radium did not occur in any of the 78 patients who had under 0.4 microgram of 
radium. Nine patients who received radium medically and two luminous-dial 
workers developed destruction of the femoral head. The average time for symp- 
toms to occur was 15 years (range 9-22 years). All of the patients who had 
aseptic necrosis of the femoral head had 0.7 or more micrograms of radium in 
the body. The 5 patients who had fractures of the shaft of the femur had 0.9 
microgram or more of radium in the body. 

The results of these investigations indicate that the relation between the de- 
structive effects of the radioactive elements remaining in the body for long 
periods of time and the clinical changes produced, is a dynamic relationship 
between the destructive and reparative processes of the body. For example, 
some of the patients had aseptic necrosis of the femoral head with less than 1 
microgram of radium, while others, with 10 micrograms or more, had no delete- 
rious effects. It is reasonable to assume that these patients had other disturb- 
ances in the femoral head, such as an unsatisfactory blood supply. Another 
example of this dynamic relationship was demonstrated in the patient who had 
increased changes during pregnancy which subsided with the delivery of the 
child. Still another possibility is that certain periods of increased bone destruc- 
tion or reduced bone formation may occur from disease processes which later 
revert to normal. One patient had rather severe changes in the mandible which 
later subsided. 


D. Bone tumors 

The 15 malignant tumors which developed in the 78 patients recently evaluated 
were found in individuals containing for 0.5 to 10 micrograms of radium in their 
bodies. The patient having 0.5 microgram of radium was a luminous-dial 
worker. (It is reasonable to assume this patient ingested mesothorium and 
radiothorium.) The patient with the lowest radium concentration, who had 
received radium medically, had 0.9 microgram of radium. The patient with the 
lowest concentration of radium, which was considered not to be contaminated 
with members of the thorium decay series, and who developed a bone tumor, had 
8.6 micrograms of retained radium. The accumulated radiation dose with 3.6 
micrograms of radium was estimated to be about 5,000 rads during the 25 years 
from radium administration until tumor formation.° 





Le One patient which was evaluated later with 0.15 microgram of radium had dental 
changes. 
4 Symptonis is a term used to denote subjective awareness of an abnormality. When 
skeletal changes progress to such a degree that destruction of the hip or fractures occur— 
symptoms are noted by the patient. 

5 See fig. 14. 

6The estimates of continuous radiation dose is based on the assumption that 0.1 
microgram of total body radium will deliver a dose of 3 rads per year to the skeleton. 
It was found in the radium excretion studies made in the Chicago investigations that the 
retention of radium could be expressed as an approximate power function of time (27). 
From this information Brues and Tyler derived an expression for the estimation of the 
cumulative radium dose from the estimation of the instantaneous dose rate at the time 
of measurement. Based on the equation of Brues and Tyler, the total cumulative dose 
would be approximately twice the dose estimated at the time of measurement, 
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Only 2 bone tumors have developed in the 52 of the 78 patients who were not 
discovered because of Symptoms arising from the skeleton. The frequency of 
bone tumors in this group is 2 percent, in contrast to a frequency of 14 percent 
for the entire group of 78 patients. . 

Vaughan (45) (1956) reported 39 cases of sarcoma arising in bone following 
external radiation have been recorded in the literature. The latent period be- 
tween receiving radiation and the development of the tumor was 8 to 11 years. 
The radiation dose was not known in all of these cases; however, in most re- 
corded cases it was estimated to be usually greater than 3,000 roentgen (1,500- 
7,000 roentgen change). 

Cruz et al (10) (1957) reported an additional series of 11 cases in which the 
sarcoma of bone occurred from 4 to 24 years after external radiation. The total 
radiation dose given ranged from about 1,000 roentgens to 5,000 roentgens, and 
was given Over a period varying from 1 month to 9 years, 


COMMENTS ON THE POSSIBILITY OF BONE TUMOR FORMATION FROM STRONTIUM 90 


The assumption is often made that the incidence of the effect of strontium 90 
is proportional to the magnitude of the dose. This assumption has been used to 
estimate the bone tumors which may be produced from the low concentrations 
of strontium 90 in the skeleton from fallout. There is no exact evidence either 
proving or disproving this assumption, but there is some clinical evidence which 
suggests that this assumption is over cautious. 

The 50 bone tumors which have been known to have been produced in man, and 
reported, were Summarized in the previous section. The skeleton in the localized 
area of tumor induction received at least 1,000 roentgens, and usually more than 
3,000 roentgens of radiation. If it is assumed that the radiation dose to bone 
is greater by a factor of 2 than the measured skin dose, then the minimum ob- 
served carcinogenic dose from external radiation would be about 2,000 rads, 
with the majority of the tumors being produced by more than 6,000 rads of ex- 
ternal radiation. 

The patient with the smallest total body radium known te induce tumor for- 
mation, in which the possibility of contamination of the thorium series in 
unknown, died from a bone tumor in 1952. The estimated total body radium was 
0.9 microgram. The time after administration is unknown, however, it is rea- 
sonable to assume that it was about 25 years. Based on the estimates above, 
the patient would have received a total accumulated dose of about 1,800 rads 
during the 25-year period. 

Histopathological changes have been demonstrated by roentgenographic exam- 
ination of the skeletons of radium patients prior to development of the tumors. 
It is generally considered that the bone tumors develop in or around areas of 
atypical osseous tissue formation. Bone tumors have been shown to develop in or 
around the abnormal bone formation in animals given plutonium (22). If it 
could be shown that these histopathological changes are preliminary steps to 
bone tumor formation, then it could be assumed that as long as the body re- 
parative processes prevented the abnormal bone formation, bone tumors would 
not develop. It should be emphasized that the associated histopathological 
changes seen prior to bone tumor formation in the radium patients may be co- 
incidental findings. Proof of a correlation must await a better understanding of 
tumer induction by radiation. 

In reviewing the latent period for tumor induction in the luminous-dial work- 
ers reported by Martland in 1931 (81), it was found that the latent period for tu- 
mor formation was about 5 to 10 years in 6 patients in this study who devel- 
oped tumors. Only 3 of these patients had estimates of total body radium re- 
ported and these estimates were 6, 15 and 50 micrograms. (See table II.) 

The eight lumineus-dial workers who were examined in the recent Boston- 
Chicago investigations, and who died from bone tumors, lived for an average of 25 
years after beginning employment. The average total body radium was 3.4 
micrograms (range of 0.5 to 10 micrograms). 

It is considered that little reliance can be placed in estimating the minimum 
total body content for tumor induction over a life span from this meager data. 
However, if we do estimate the total body radium which would have a latent 
period for tumor induction greater than the average life expectancy (80 years) 
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from the 2 average radiation doses and latent periods given above, it would be 
0.3 and 0.4 micrograms of radium respectively.’ 

If we assume that 0.5 micrograms of radium retained for 70 years would be 
the minimal body burden necessary to cause skeletal sarcoma, this would mean 
that a cumulative radiation dose of about 2,000 rads would be necessary to 
induce tumor formation. It is considered that the most reliable estimates 
of the radiation dose necessary to induce bone tumors over a life span of 70 years, 
should be equivalent to the total radiation dose necessary to induce carcino- 
genesis in 5 to 80 years (2,000 rads). ‘Therefore, the estimates of the total 
radiation dose from strontium 90 necessary to cause bone tumor formation in 
man during a life span of 70 years will be based on the best available estimates 
from human data of about 2,000 rads. It may be eaiculated that 1x10-° curies 
of strontium 90 will give a radiation dose to the skeleton of 3 millirads per year, 
or 0.2 rads in 70 years under equilibrium conditions. Based on the preceding 
assumptions, the total skeletal radiation dose from 1X10-° curies of strontium 
90 over a 70-year period would be in the order of one ten-thousandths total skel- 
etal radiation dose known to produce tumors in man, either from external or 
internal radiation. 


COMMENTS ON THE PRESENT MPC OF RADIUM 


Results of the Boston-Chicago investigations have shown that clinical changes 
begin to occur in patients with 0.4 micrograms of radium. ‘The fact that changes 
are found to occur in man with 4 times the present MPC of 0.1 microgram of 
radium instead of 12 times the MPC when it was established in 1941, is offset 
by the greater confidence in the MPC by the studies of a much larger group of 
patients with radium present in their bodies for longer periods of time. 

It is reassuring that it has not yet been necessary to change the MPC of 
radium of 0.1 micrograms following the large amount of information that has 
accumulated since it was first established. There are certain considerations, 
which, if sufficient information becomes available, may permit raising, or may 
necessitate lowering, the present MPC. These are as follows: 


A. Factors which may permit the raising of the MPC for radium 


1. The contribution of the thorium series to the dose from radium.—lIt is well 
established that mesothorium I (half life 6.7 years) and radiothorium (half life 
1.9 years) were used in the luminous-dial paints, and mesothorium has been 
found in patients given radium medically. The radiation dose from meso- 
thorium in some of these patients has been significant. It has been the major 
source of the cumulative radiation dose in some of the luminous-dial workers. 

The time relation in this question is very important. It is assumed that 
reversible changes are produced by the presence of mesothorium, then its major 
clinical effect should have occurred before the changes began to occur in these 
patients. Roentgenographiec changes do not begin to occur until 15 to 30 years 
after the deposition of the radioactive elements. However, once changes begin 
to develop in these patients, there is usually a gradual increase in the frequency 
and severity rather than a decrease. If the changes produced during the period 
immediately after deposition are irreversible and contribute significantly to the 
changes that are being seen in these patients 20 to 30 years later, then it may be 
possible to elevate the MPC. Further work is in progress in an attempt to 
clarify the relationship of mesothorium, radiothorium, and radium in the clinical 
changes observed. 

2. Controls—Even though the roentgenographic changes found in these 
patients are characteristic of radium deposition, further control studies to esti- 
mate more reliably the incidence of these ch: nges in the general population should 
be carried out. The skeletal roentgenographic findings may eventually prove to 
be the most reliable method for the early detection of clinical changes from the 
deposition of bone-seeking radioelements. <A better definition of the normal 
limits of skeletal variation is needed, in order that a more precise evaluation of 
the skeletal changes in the radium patients may be made. 

The destruction of the head of the femur is another clinical finding in thes 
patients which emphasized the need for further control studies; 11 of the 
78 patients had destruction of the hip. This frequency of aseptic necrosis is 


7 These estimates are consistent with the findings of animal data of Brues*, in which the 
latent period was found to vary inversely with the square root of the dose. ‘The value of 
0.3 micrograms of radium is obtained from assuming that the latent period of 10 years is 
increased by a factor of 8, and the average radium content is 25 micrograms. The value of 
0.4 micrograms is obtained from assuming that the 25 years’ latent period is increased by 
a factor of 3, and the average radium content of the patient is 3.4 micrograms. 


> 
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unusually high in the absence of a history of antecedent trauma. Proper eyal- 
uation of this condition in the radium patients must await a better understand- 
ing of the cause of aseptic necrosis, as well as more reliable information as to 
its occurrence in the general population, 


B. Factors which may necessitate lowering the uPo of radium 


1. Age at the time of administration and duration of retention of radium.— 
The average age of the 50 patients at the time they received radium medically 
was 34 years. The average age of the luminous-dial worker at the time of em- 
ployment was 17 years. Almost all of these patients either received radium, or 
were exposed to radium from 1920 to 1930. It is evident that the clinical infor- 
mation on the effects of radium deposited in the body for more than 40 years 
is lacking. Since the findings of the recent investigations suggest that clinical 
changes are the result of an imbalance between reparative and destructive 
processes of the body, it may be found that small amounts of radium in persons 
of the older age groups may produce significant clinical changes. This may re- 
‘sult from either diminished reparative abilities, or an increase in skeletal de- 
-Struction from other debilitating diseases of the older age groups. 

There are only a few patients available for study of the long-term effects of 
radium who received the radium before the age of 15 to 20 years. One of these 
patients had the smallest amount of total body radium in which dental change 
characteristic of radium deposition has been observed. 

The problem of bone tumor production in the younger age groups is probably 
the most important question in this regard. The greatest incidence of osteogenic 
Sarcoma is considered to occur in the second and third decades, and almost no 
clinical information is available on the effects of skeletal radium deposition 
_before this increase in the incidence of bone sarcoma occurs. It is possible that 
the increased susceptibility to skeletal tumor induction might necessitate a sig- 

nificant lowering of the MPC for children. 
- 2. Undected subclinical effects —The present philosophy for the establish- 
ment of the MPC is based on the correlation of physical estimates of the quantity 
of the radioelement in the body with detectable clinical changes or abnormali- 
ties in clinical tests. As more refined tests are developed to detect abnormalities 
in body function, it may be discovered that the present MPC is producing changes 
which are not detected by present methods of clinical evaluation. 

Another important consideration is that subclinical changes may cause a 
reduction in the reserve function of organs. This may go undetected in most 
instances. However, the combined effects of an intercurrent disease and the 
reduced function from the effects of radiation may cause more severe effects 
than either the disease or the radiation separately. 


COMMENTS ON THE PRESENT MPC OF STRONTIUM 90 BASED ON THE INFORMATION 
GAINED FROM THE EFFECTS OF RADIUM IN MAN ; 


The present estimates of the MPC of strontium 90 are based on the assump- 
tion that both radium and strontium are distributed in a similar manner in bone. 
It has been shown that the radium concentration in different parts of the skele- 
tons of the radium patients and luminous-dial workers may vary by a factor 
of 10 and probably greater. The present MPC for strontium 90 is based on 
the comparison of the average skeletal does of strontium and radium. Since 
under equilibrium conditions the strontium 90 distribution would tend to ap- 
proach uniformity, comparison of the maximum skeletal dose in the localized 
areas of high radium concentration in the radium patients and the maximum 
skeletal dose in the strontium 90 patients might permit raising of the present 
MPC of strontium 90 by as much as a factor of 10. 

The best available estimates indicate that biological effectiveness of radium 
is 1 to 4 times that of strontium 90 (i. e., the radium RBE* = 1 to 4) when 
compared on an equivalent energy basis. This work is based on the results of 

- animal experimentation (15, 16). Comparison of the radiation dose necessary 
to produce bone tumors in man from internal and external radiation indicates 
that the RBE of radium may be somewhat nearer to unity. However, the esti- 
mation of radiation dose from external radiation might be in error by as much 
as a factor of 2. If it can be established that the RBE of radium is greater 
than unity then it might be possible to increase the MPO of strontium 90 vy as 
much as a factor of 4. 


§ Relative biological effectiveness: The ratio of gamma of X-ray dose to the dose that 
is required te preduce the same biological effect by the radiation in question. 
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It is considered that the best estimates that can be made in regard to the 
effects of strontium 90 over a life span (70 years) on the present incomplete 
information of the effects of radium in man are as follows: 

1. The skeletal content of strontium 90 necessary to produce a bone tumor 
in a life span of 70 years would be in the order of 10 microcuries (100 times the 
present MPC of 0.1 microcurie of strontium 90 for the general population). 

2. The skeletal content of strontium 90 necessary to produce significant 
changes, such as destruction of the hip, would also be in the order of 10 micro- 
curies (100 times the present MPC of strontium 90). 

8. The skeletal content of strontium 90 necessary to produce minimal skeletal 
changes which could be demonstrated roentgenographically, would be in the 
order of 2 microcuries (20 times the present MPC of strontium 90). 

It should be emphasized that these estimates of the concentrations of stron- 
tium 90 which may produce skeletal damage are the result of estimates based on 
the best available information at present. 


TABLE I.—Age and sex distribution of 32 patients having between 0.5 and 14 
micrograms of radium present in their bodies on an average of 21 years after 
deposition 
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TaBLe II.—Time interval between deposition of radio-elements and occurrence 
of symptoms, tumor formation, and death in the 1931 and 1951 investigations 
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Ficure 2.—Gross autoradiogram of a longitudinal section of the femur of 
patient M. K. Note the irregular distribution of radium in the cancellous 
bone of the upper end of the femur and the small areas of focal concentra- 
tion in the cortex. The contour of the head is outlined by small concentrations 
at the junction of the articular cartilage and cancellous bone. The medial 
portion of the shaft is outlined by the small highly concentrated areas near 
the periosteum and the endosteum. (Reproduced courtesy of Journal of 


Bone and Joint Surgery.) 
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Ficure 3.—Gross autoradiograms of two longitudinal sections of the cortex of 
a femur from patient R-24 (5-week exposure). Smaller section was taken 
2 millimeters from the periosteum and the larger section was cut just medial 
to it. Areas of concentration are more frequent in the smaller section and the 
lower end of the larger section, which are nearer periosteum. The large area 
of darkening in the center of the larger section is the result, probably, of 
an endosteal concentration of radium, since this section was on the periphery 
of the narrow cavity. (Reproduced courtesy of American Medical Association, 
Archives of Pathology.) 
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Ficure 4.—Detailed autoradiogram of a cross section of cortical bone from the 
humeral shaft of patient R-24 (5-week exposure). Two of the small number 
of Haversian systems have radium concentrated in this section. The greatest 
concentration of radium is on two concentric lamellae in the center of the 
Haversian system. Alpha tracks are less dense in remainder of the two 
Haversian systems and interstitial lamellae between the systems. Observe 
that the activity suddenly falls off around these areas of concentration and 
that the rest of the photomicrograph is free of alpha tracks (X 207). (Repro- 
duced courtesy of American Medical Association, Archives of Pathology.) 
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Figure 5.—Photomicrograph of bone underlying detailed autoradiogram shown 
in Figure 4. Note the dark concentric rings outlining lamellae with greater 
concentration of radium. Central part of Haversian system in upper left is 
undergoing destructive changes. This, together with figure 4, demonstrates 
how radium concentration and histopathological changes can be studied at 
the same time (X 218). (Reproduced courtesy of American Medical Asso- 


ciation, Archives of Pathology.) 


9$3299°—57—pt. 2——-12 


/ 


1180 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 





Ficure 6.—Histological section of the head of a right humerus (fig. 2). Note the 
areas of atypical osseous tissue throughout the head. The largest area of 
atypical osseous tissue is seen at the top of the photograph near the articular 
surface. (Reproduced courtesy of Journal of Bone and Joint Surgery.) 
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Ficure 7.—Photomicrograph of one of the areas of atypical osseous tissue seen 
in the histological sections. The atypical osseous tissue is seen at the top of 
the photograph. The acellular fibrous tissue is seen throughout the trabecular 
spaces. (Reproduced courtesy of Journal of Bone and Joint Surgery.) 
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Ficure 9.—Roentgenogram of a 2-millimeter section taken from the head of the 
right humerus. (See fig. 6.) Sections of bone, 5C-2 and 5C-3 were removed 
following the making of gross autoradiographs of this bone section. As will 
be noted in the figure, 5C-—2 was taken from an area which seemed to have a large 
eoncentration of radium as shown by gross autoradiography ; 5C-3 was taken 
from an area which seemed to have a small amount of radium as shown by 
gross autoradiography and a normal roentgenographic pattern. It should be 
noted that the radium content in RC-3 was five times the content in RC-2. 
Radium yalues are expressed as curies per gram of ashed bone. (Reproduced 
courtesy of the Journal of Bone and Joint Surgery.) 
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Ficure 10.—Roentgenogram of the head of the femur cf patient (R-84). The 
mottled appearance is the result of the atypical osseous tissue and hypertrophy 
of the trabeculae and is characteristic of the changes seen in cancellous bone 
following the deposition of radioactive elements (Review figs. 6, 7, 8, and 9). 
(Reproduced courtesy of Journal of Bone and Joint Surgery.) 
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Fiaure 11.—Roentgenogram of a horizontal and vertical section of the fibula of 
patient (R-24). Note the “streaked” areas that are seen in the long bones 
as the result of well differentiated areas of destruction in the cortex. The 
pointers show the areas of destruction in the vertical and horizontal planes 


(Argonne National Laboratory Report, ANL 4666). 
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Figure 12.—Photograph of the areas of destruction seen in figure 11B. Note 
that the areas of destruction which give a “streaked” appearance to the long 
bones are about 8 to 6 times the diameter of the Haversian systems. The 
central canal in between the two macroscopic areas of destruction is about 
one-third the diameter of the Haversian system, while in the upper right cor- 
ner there is a central canal that is enlarged to about two-thirds the diameter 
of the Haversian system (Argonne National Laboratory Report, ANL 4666). 
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FicureE 13.—Roentgenogram of the lower arm and hand of patient M. L. (1-27). 
The small areas of decreased density in the radius and ulna and bones of the 
hand give a streaked appearance. These small well differentiated areas of 
decreased density are characteristic of the deposition of radioactive elements. 
(Reproduced courtesy of American Journal of Roentgenology, Radium Therapy 
and Nuclear Medicine, 72: 842, 1954.) 
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Ficurn 14.—Tumor formation in patients in Boston and Chicago investigations 
(1951). The five tumors which developed in the 50 patients who had received 
radium are shown on the right side of the skeleton and the 8 tumors which 
developed in 8 luminous-dial painters are shown on the left side of the 
skeleton. Two more tumors have developed in the patients who had received 
radium medically. These are not included. The type of tumor, the time from 
deposition te occurrence of symptoms, the time from deposition to death, and 
the amount of radium are given in each case. Reading from top to bottom, 
the numbers of the luminous-dial workers are 15, 20, 25, 16, 8, 14, 21, and 23; 
the numbers of the radium patients are 45, 17, 36, 18, and 24. (Reproduced 
courtesy of Journal of Bone and Joint Surgery.) 
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A Stupy oF THE DyNAMIcs oF STRONTIUM AND CALCIUM METABOLISM AND 
RADIOELEMENT REMOVAL? 


PRELIMINARY REPORT, MAY 31, 1957 


W. B. Looney,’ C. J. Maletskos,’® M. J. Helmick,‘ J. Reardon,® J. Cohen,® W. Guild," 
and F. I. Visalli * 


The classic studies of Aub, Evans et al.”* in 1938 in radioelement removal 
demonstrated that the renal clearance for radium was less than 1 percent in 
24 hours. This finding suggested the possibility that direct radioelement re- 
moval from the blood might prove to be an effective way of eliminating radio- 
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ae Memorial Hospital of Harvard University, Massachusetts General Hospital, Boston, 
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2 Clinical research fellow in medicine, Huntington Memorial Laboratories, Massachusetts 
General Hospital, and Harvard Medical School. Visiting fellow in physics, Massachusetts 
Institute of Technology; special Public Health Service research fellow of the National 
Cancer Institute. 

8 Research physicist, Massachusetts Institute of Technology. 

#D. S. R. staff member, Massachusetts Institute of Technology. 

5 Research fellow in medicine, Harvard Medical School; Public Health Service research 
fellow, kidney laboratory, Peter Bent Brigham Hospital. 

6 Visiting fellow in physics, Massachusetts Institute of Technology. 

7 Acting director, cardio-renal service, Peter Bent Brigham Hospital, instructor in medi- 
cine, Harvard Medical School. 
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elements. Both the artificial kidney * and ion-exchange resins® afford means 
for radioelement removal, as well as providing an opportunity for extension of 
the work by Hastings and Huggins‘ on the mobilization of calcium in the cir- 
culating body fluids. 

Preliminary in vitro experiments were performed to determine some of the 
parameters necessary to evaluate the feasibility of using either approach. 

The first experiments were carried out on a simulated artificial kidney. 
Stable calcium, calcium 45, and ethylenediamine-tetraacetic acid were readily 
dialyzable under conditions similar to those in the artificial kidney (calcium 
being omitted for the purpose of the present experiments) .° 

In later experiments solutions of strontium 85 and calcium 45 were passed 
directly through ion-exchange columns to determine the effectiveness of a syn- 
thetic cation exchange resin in removing radioelements. 

A total of 20 dogs has been studied, each dog having been connected to either 
the artificial kidney or ion-exchange column following the administration of 
strontium 85, strontium 89, and calcium 45. The ion-exchange column has been 
used in preference to the artificial kidney because of its more effective removal 
of calcium, its simplicity and potential adoption for more extensive utilization. 

The ion-exchange resin offers a wide range of potential application to bio- 
logical investigation. Appropriate adjustment of the cation concentrations in 
the column permits preferential removal of a particular cation of interest. 
The ability to place electrolytes of a biological system out of equilibrium af- 
fords an excellent tool for the study of the dynamics of both the stable and 
the radioactive electrolytes of the biological system. 

The efficiency of radioelement removal as a function of time after administra- 
tion has been determined by both single- and multiple-isotope methods. Be- 
tween 30-40 percent of the: radio-isotopes injected intravenously 1 hour prior 
to connecting the dog to the resin column can be removed during a 4- to 6-hour 
period. At 12 hours after injection, total removal of the radioelements decreased 
to about 6 to 12 percent, and at 24 hours to about 3 to 6 percent. After 3 days 
about 2 percent is removed. When the experiment was repeated in 2 dogs 
1 week later, less than 1 percent was removed. 

Analysis of the removal of the isotopes in three dogs indicated the following: 
About 80 to 90 percent of the dose is in a hypothetical compartment of bone 
which has a half time of removal of 8 to 16-hours; the remainder of the dose 
is in a compartment approximating in size the extracellular space and the half 
time of removalis 15 to 30 minutes. - } 

To test the influence of serum calcium concentration on isotope removal, 
calcium 40 was infused intravenously at the same time as the resin perfusion. 
No significant decrease in radiostrontium removal has been found in 2 dogs 
in which the serium calcium levels of 6 to 8 milligrams percent were maintained. 
This result would be consistent with the hypothesis that the principal mecha- 
nism of radioelement removal by the ion-exchange column is cation exchange 
rather than enhanced physiological response from depressed calcium levels. 

These studies demonstrate that the ion-exchange column and the artificial 
kidney are practical means for studying the dynamics of stable and radioactive 
electrolytes. No major contraindications have been found to prevent its adop- 
tion for clinical use. 


Representative Corn. Mr. Chairman, if you do not mind, I would 
like to ask again, Dr. Looney, if you will interpret your expression 
that the assumption that the incidence of the effect of strontium 90 is 
proportionate to the magnitude of the dose. You have indicated that 
experience and studies led you to the conclusion that this is an over- 
cautious—did you say overcautious ? 

Dr. Loonsry. Yes. 


2 Merrill, J. P.: Medical Progress: The Artificial Kidney. New England J. Med. 246: 
17-27, Jan. 3, 1952. 

3 Kessler, B. J.; Liebler, J. B.; Abrahams, J. I.; and Sass. M.: Reduction of Hyper- 
kalemia by Circulation Blood Through a Cation Exchange Resin. Proc. Soe. Exper. Biol. 
& Med. 84: 508-510, Nov. 1953. 

4 Hastings, A. B.: Studies on the Effect of Alteration in the Concentration of Calcium 
Circulating Fluids on the Mobilization of Calcium. Metabolic Interrelations, Transac- 
tions of the Third Conference, 1951, pp. 38—50. 

5 Looney, W. B., Maletskos, C. J., and Helmick, M. J.: Removal of Radiocalcium in 
Dogs, Progress Report, Radioactivity Center, M. I. T., Department of Physics, May 1956. 
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Representative Coir. Assumption ? 

Dr. Loonry. Yes. 

Representative Corr. What do you mean by that ? 

Dr. Looney. I mean that the present clinical information that we 
have would not substantiate the concept of a linear relationship, 
neither does it disprove it. If I had to weigh and balance these two 
factors, I would say that most of the information indicates that a 
certain amount of irradiation is necessary to produce bone tumors in 
man. However, this is based on the available information. It cer- 
tainly is to be again emphasized that these tumors may be produced 
in man at a lower dose, and we have not been able to detect this at 
present. There are some methods of obtaining more information 
from clinical studies. I think they will be done. 

To say this might be an overcautious assumption is probably not 
a good term, but I hope I have given you the reason for making the 
statement. 

Representative Coir. Since your clinical evidence indicates that 
the incidence may be less in proportion toe the magnitude of the dose, 
would that indicate the possibility of a threshold for the effects of 
strontium 90? 

Dr. Loonry. I would say that the present clinical information in 
man would not substantiate either conclusion. 

Representative Corr. Based on clinical evidence? 

Dr. Loonry. Based on the evidence in man; yes, sir. 

Representative Coz. You are not able to determine yes or no with 
respect to threshold ? . 

Dr. Loonry. No, sir; I am not. 

Representative Hortrieip. Dr. Looney, how were you able to deter- 
mine the amount of exposure these people had, in view of the fact it 
was years later before you were aware of their illnesses? 

Dr. Loonry. The patients in Chicago were found by reviewing 
the records of a mental hospital in which the patients were given 
radium. The files of the United States Radium Corp. were also made 
available to the Argonne National Laboratory, and we were able to 
get names and to locate these people by following names. 

Representative Horirizeip. This did not obtain to those employed as 
radium painters? 

Dr. Looney. Yes; it did. 

Representative Hottrrmip. Were you able to measure the dose they 
received at the time they received it by the residual amount in their 
bones when it was called to your attention ? 

Dr. Looney. The physical estimates were made by the physicists 
at. Massachusetts Institute of Technology, and at Argonne National 
Laboratory. That is a physical area, and I would prefer to leave it 
to the physicists. 

Representative Hoririretp. I was just interested to find out if we 
had an accurate estimate of the original dose. I know in the case of 
the Hitoshima and Nagasaki people that is one of the missing elements 
in our evaluation of the dose, that we do not know exactly how much 
they have received. 

Dr. Loonry. Yes. In regard to the patients in the mental hospital, 
we do have a record of the amount given, and the estimates at 6 and 
12 months. Estimates were also made after 20 years. This is the 
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best available evidence we have in man. Based on this information we 
can make estimates of the original dose of radium in other people in 
which we find the radium 20 to 30 years after administration. The 
physical data on the luminous dial workers is confused by the fact 
that mesothorium and radiothorium were present in the paint. This 
presents a very difficult problem in trying to establish reliably the 
relationship of the clinical changes to the physical estimates of the 
radiation dose. 

Representative Honirmnp. Thank you. 

Representative Van Zanpt. Dr. Looney, is it possible to leach out 
selectively the poison that has gotten into the skeleton of the body? 

Dr. Loonsy. You are talking about removal of these radio elements 
once they are deposited in bone? 

Representative VAN Zanpr. Yes. 

Dr. Loonry. We have been working on that in Boston in the past 
2 years, trying to remove strontium 85, strontium 89, and radio cal- 
cium from bone. We found in the first hour we can remove approxi- 
mately 30 or 40 percent of the strontium. This efficiency of removal 
rapidly declined, until after 2 or 3 days, it was less than 1 percent. 

Other methods using chemicals to remove bone-seeking radio ele- 
ment have been attempted. There has been some progress in this 
field, but once the radio element is deposited in the bone, the chances 
are very remote that we will be able to remove it. | 

Representative Van Zanpt. Thank you. 

Chairman DurHam. Doctor, figure 14, where you have the skele- 
ton (See p. 1188.) . 

Dr. Looney. Yes, sir. 

Chairman Duruam. Was any conclusion made as to why the car- 
cinoma was more prevalent in the head and nose and mouth than 
other parts of the body ? 

Dr. Looney. You will notice that these people who developed these 
tumors were luminous dial workers. There has been the hypothe- 
sis that because the material was ingested and inhaled, rather than 
injected intravenously or given orally, that it might be the result of 
the local effect. But, I might point out that one of the radium pa- 
tients has also developed a similar type of tumor. I have no readily 
available conclusion as to why this developed. 

Senator Hickrentoorrr. Mr. Chairman. 

Representative Hortrmip. Senator Hickenlooper. 

Senator Hicxenwoorrr. Just from a visual examination of the 
chart, it would indicate that one might assume the tumors occurred 
in proximity to the point of contact or ingestion of this radium treat- 
ment, or the radium material. In other words, with the luminous 
dial patients, as I understand it, they ingested this as a result of 
either inhalation or putting the brushes in their mouths to wet them 
so they could point them up and paint the figures on the dials. 

Dr. Loonry. Yes, sir; that is correct. 

Senator Hickennooper. And the incidence seems to be much 
greater in the nasal and throat area in those. On this chart there 
is no incidence of a tumor above the elbow in the strictly radium 
patient as differentiated from the luminous dial patient. 

Dr. Loonry. Yes. However, you will note it is a different type of 
tumor in the radium patients. You will notice these tumors are car- 
-cinomas in the luminous dial workers, and you will notice that the 
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sacromas of bone have occurred both in the luminous dial workers 
and radium patients. 

Senator Hickentoorrr. I am speaking purely as a layman who 
knows nothing whatsoever about this thing, A layman might be 
led to the conclusion from the chart that radium treatments might 
have been given in other parts of the body, but in the luminous dial 
workers the repeated incidence is at the point of ingestion very fre- 
quently. 

Dr. Loonry. This is an interesting observation, sir. I know this 
has created considerable comment as to whether there is a casual 
relationship among the people associated with these investigations. 
I am trying to point out both arguments for and against this. It is 
a different type of tumor that has developed in his area, and most of 
the tumors have been sarcomas of the bone. 

Chairman Dournam. Did the same type rays produce the three dif- 
ferent types of sarcomas and carcinoma? You have three different 
types. Did the same rays produce all three types? 

Dr. Looney. I think that the present available evidence is that any 
radiation has a similar effect biologically. So that it would be a 
combination of these three effects. 

As far as radium is concerned, the majority of the radiation comes 
from the alpha particles, probably 90 or 95 percent. 

Chairman Duruam. Then the conclusion would be that beta rays 
or gamma rays would produce all types of carcinomas? : 

Dr. Loonry. In sufficient quantities we must be aware of the quan- 
titative aspects of the effect of radiation. I think it was brought out 
previously that the very sensitivity of physical measurements may 
lead to overemphasizing the effects of minute amounts of radioactivity. 

We have a range of thousands of times between the amount of 
strontium 90 that 1s present, and the amount of strontium 90 that we 
calculate to produce equivalent energy to cause tumors in man from 
the available information on radium. 

Representative Van Zanpr. Mr. Chairman? 

Representative Horirrerp. Mr. Van Zandt. 

Representative Van Zanpr, Dr. Looney, you have been talking 
about bone tumors. What about the utilization of radiation to attack 
these bone tumors ? 

Dr. Loonry. Well, sir, I am not a radiologist, and this is in the 
field of radiology. I am aware of this, but I think you would get a 
much more competent opinion on this from some radiologist who is 
actively engaged in treatment. 

Representative Van Zanpr. Would the same thing apply to 
arthritis ? 

Dr. Loonry., Yes, sir. 

Representative Van ZANpt. One more question, Dr. Looney. You 
have had many years of experience now in studying the body that 
has absorbed radiation from radium. Have you developed any kind 
of a preventative to this type of radiation ? 

Dr. Loonry. No, sir, we have not yet. So far as I know, there has 
been no effective means of treatment. 

_ Representative Van Zanpt. Have you developed any type of a pro- 
gram that would prepare the body to resist radiation stemming from 
radium ? 
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Dr. Looney, I have no knowledge of such. 

Representative Horirtecp. Thank you very much. 

Our next witness will be Dr. W. F. Libby, Commissioner, Atomio 
Energy Commission, a distinguished chemist, and member of the 
Commission since 1954. 

Dr. Libby, before you start your testimony, the Chair will insert, 
without objection, 2 letters of notification, 1 under date of May 8 
to Mr. Strauss, which gave an outline of our hearings, and the wit- 
nesses that had been invited up to that time, and the second letter un- 
der date of May 21, which supplemented the first letter. I would like 
to read the pertinent part of that, in which I said to Mr. Strauss: 


I would like to make clear that we would be happy to have Dr. Libby on hand 
to provide extra testimony and comment throughout the hearings after the 
introductory witnesses beginning on Monday afternoon, May 26. We understand 
that he is preparing written statements for certain portions of the outline. We 
will be glad to receive these statements for the record, and will be happy to have 
Dr. Libby comment on them orally as each topic comes up. 

We would also appreciate hearing from Dr. Libby on topic 11, in which he could 
discuss the implication of our present knowledge of the fallout situation as it 
exists. 


(The letters are as follows:) 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
May 3, 1957. 


Mr. Lewis L. STRAUSS, 
Chairman, United States Atomic Energy Commission, 
Washington, D. C. 

DEAR Mr. STRAUSS: The Joint Committee on Atomic Energy plans to hold open 
hearings in Washington, D. C., on the subject “The Nature of Radioactive Fall- 
out and Its Effects on Man,” May 27-29 and June 8-7. This letter is to confirm 
arrangements made informally for representatives of the Commission and AEC 
laboratories to testify before the committee. It is our understanding that these 
arrangements have already been discussed at some length on an informal basis by 
our respective staffs. 

We are attaching material covering the scope, approach, plan and outline of 
the hearings. You will note the planned division of the hearings into two parts: 
(I) an organized sequential presentation by expert witnesses, and (II) an open 
presentation by those working in the field or by interested members of the public 
who have asked for an opportunity to testify before the committee. You will 
also note that the outline gives guidance, by each topic I-XII, as to whether the 
presentation is planned as oral, written inserts for the record, or bibliography— 
or some combination of those. It is intended that witnesses use their own dis- 
cretion as to the details of the presentation, and it is not necessary that the out- 
line be rigidly followed. Points that the committee is particularly interested 
in may be developed by questioning of witnesses. 

We are requesting the following representatives of the AKC to testify as ex- 
pert witnesses for various parts of the organized sequential presentation: 

Dr. Charles L. Dunham, Director, Division of Biology and Medicine, Topics 
I, XI, and XII. 

Dr. Willard F. Libby, Topics IV, VI-C-4, IX (Sr-90), and XI. 

Gen. A. D. Starbird, Director, Division of Military Application, topic V 
(General Starbird to be preceded by Dr. Bradbury, of LASL, and Dr. Shel- 
ton, of AFSWP). 

Dr. Gordon M. Dunning, Division of Biology and Medicine, topic VII. 

Dr. Merril Eisenbud, New York Operations Office, for topic VI-C-3 and 
VI-C-—4 and topic ITI. 

Dr. R. F. Reitemier, Division of Biology and Medicine, for a joint presenta- 
tion of topic VIII, parts B, C, D, E, and G, with Dr. Lyle T. Alexander, of 
the Agriculture Department. 

Dr. Forrest Western, Division of Biology and Medicine, for topie VIII, 
parts A and H, and perhaps to provide continuity for the other topics in 
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topic VIII. (The portions of VIII-dealing with oceanography and marine 
life are planned for coverage by Dr. Roger Revelle, Scripps Institute. ) 

In addition, there is one topic, topic III, for which we would be glad to insert 
into the record any written statements the AEC would care to submit. 

From the AEC laboratories, we are planning to invite the following persons 
to present oral or written testimony: ! 

Dr. Mark Mills, UCRL, Livermore, 
Dr. Wright Langham, LASL,. 
Dr. E. C. Anderson, LASL. 
Dr. Marinelli, ANL. 
Dr. Austin Brues, ANL. 
Dr. E. P. Cronkite, BNL. 
Dr. Norris Bradbury, LASL. 
These persons are being contacted directly. 

It is possible that other persons in AEC or its laboratories will be needed or 
that changes in the planned presentation will develop. However, it is not ex- 
pected that there will be major changes. 

The Joint Committee would appreciate receiving as soon as possible short 
biographies of each person giving testimony, covering professional background, 
present work, home address and phone number, business address and phone 
number. 

The Committee hopes that the forthcoming hearings will lead to a better under- 
standing of a problem that hag become the subject of serious concern to the 
Congress and the people of this country. Such understanding is essential, in the 
Committee’s view, to the development of sound national policies and to the 
maintenance of good relations with our friends and allies throughout the world. 

The cooperation of the AEC in contributing to the success of the hearings will 
be greatly appreciated. 

Sincerely yours, 





CHET HOLiFIcLp, 
Chairman, Special Subcommittee on Radiation. 


CONGRESS OF THE UNITED STATES, 
Joint COMMITTEE ON ATOMIO ENERGY, 
May 21, 1957. 
Hon. Lewis L. Srravss, 
Chairman, Atomic Hnergy Commission, 
Washington, D. CO. 

Dear Mr. Strauss: We are pleased to receive your May 17 letter offering to 
cooperate with us as we begin our radiation fallout hearings next Monday 
morning. 

As you know from my May 8 letter, we plan that the first portion of the hear- 
ings, taking perhaps the days up to about Thursday, June 6, would be devoted to 
an Organized sequential presentation by expert witnesses of the scientific sub- 
ject matter related to fallout. This presentation would wind up with two topics 
concerned with the impact of the present state of affairs scientifically on national 
policy and on the research programs related to fallout. 

The purpose of the presentation is primarily to educate the committee, the 
Congress, and the public on the scientific aspects of this important subject. The 
outline of this organized presentation, sent to you with my May 8 letter, was 
developed after consulting with various scientists to figure out the best way to 
present the subject matter fairly and impartially. 

In line with the above arrangement, scientific witnesses were selected to present 
the subject matters. The list of witnesses and order of presentation was dis- 
tributed last week. Dr. Dunham was selected to lead off with an objective 
presentation of the nature of the overall topic of the hearings: radiation and 
radioactivity, particularly fallout. He was chosen as a qualified represenative 
of AEC who happens not to have become publicly involved in controversy on the 
fallout question. It has been our aim to begin and carry on the hearings in 
a noncontroversial spirit. 

My May 8 letter to you listed Dr. Libby as a desired expert witness for several 
topics, beginning with topic IV (natural background radioactivity ) of the 
outline. We would be happy to have him come before the committee to present 
objective testimony on these topics. It has been our informal understanding 
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that Dr. Libby might prepare written statements for these topics but did not 
wish to appear personally as a witness except once, for a comprehensive state- 
ment. Accordingly, our latest timetable lists Dr. Libby only for topic XI (im- | 
pact on policy), where he can cover any of the scientific facts and implications 
that he cares to. 

Your cooperation and that of the AEC staff in assisting the committee with 
preparations for the fallout hearings is greatly appreciated. 

Sincerely yours, 
CHET HOLIFIELD, 
Chairman, Special Subcommittee on Radiation. 


Representative Houuiirtp. Dr. Libby, we are happy to have you 
before us, and we are ready for your statement. 


STATEMENT OF DR. WILLARD F. LIBBY,? COMMISSIONER, ACCOM 
PANIED BY DR. CHARLES L. DUNHAM, DIRECTOR, DIVISION OF 
BIOLOGY AND MEDICINE, ATOMIC ENERGY COMMISSION 


Dr. Lizzy. Mr. Chairman and members of the committee; it is a 
privilege to be present today because it gives me an opportunity to 
discuss with you this very important subject—one in which I have 
taken great personal interest, having spent a major part of my time 
in the last 4 years directly on this research—watching the progress, 
performing experiments, and making calculations. Excluding weap- 
ons, I consider Project Sunshine—the study of worldwide radioactive 
fallout and its effect on man—to be one of the most important proj- 
ects the Commission has. The project is essential, if the Commission 
is to fulfill its responsibilities in protecting public health and safety. 
It is being conducted as a scientific study whose primary purpose 
is to discover the scientific truth and present the facts—publicly. 

Senator AnpErson. Before you go further, is this your own state- 
ment, or does this represent the views of the Atomic Energy Com- 
mission ? 

Dr. Linsy. This is my own statement, Senator Anderson. 

Senator ANnprrson. It has not been cleared ? 

Dr. Lissy. I have asked for comment, but it is not an official state- 
ment of the Commission; it is my own statement. 

Senator ANpErRsOoN. Thank you. I thought that was important. 

Dr. Lissy. Yes. 

Representative Corz. On that point, Mr. Chairman; you say you 
have asked for comments. I assume you meant you submitted your 
statement to other members of the Commission for their comments? 

Dr. Lipsy. Yes. 

Representative Coxe. And have you received comments from any 
of the Commission ? 

Dr. Lissy. There have been no substantial changes. I am not sure 
all of the Commissioners commented. I left it to my staff to collect 
the comments, and I am not just sure. 

Representative Cote, Did you submit your statement to all of the 
Commissioners ? - 

Dr. Lissy. I believe so, sir; yes. 


* Date and place of birth: December 17, 1908, Grand Valley, Colo. Education: Bachelor 
of science, University of California, 1931; doctor of philosophy (chemistry), University of 
California, 1933; Work amor Instructor of chemistry, University of California, 
1933-38 ; assistant professor, 1939-43 ; associate professor, 1943-45 ; professor instructor | 
nuclear studies, Chicago, 1945-54 ; member, General Advisory Commission, AEC, 1950-543 
member AEC, 1954—. (Submitted by the Atomic Hnergy Commission.) 
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Representative Core. Were there any of the Commissioners who 
did not respond or indicate a comment? 

Dr. Lassy. I will have to check with my staff on that. 

Representative Cote. So far as you know?! 

Dr. Lazsy. I do not know of any. | 

Representative CoLz. One more question at that point: How long 
previous to this morning did you submit the statement? 

Dr. Lipsy. It was about a week ago, as I recall, Mr. Cole. 

Representative Corn. Thank you. 

Dr. Lissy. This is my statement. It is not the Commission’s state- 
ment, but itis my statement. But I know of no—— 

Representative Van Zanpr. During the course of these hearings, 
this Project Sunshine has come up from time to time. 

Dr. Lizzy. Yes. 

Representative Van Zanpr. Dr. Libby, just how did you arrive 
at naming this Project Sunshine. 

Dr. Lissy. Well, it happened in the summer of 1953 at the RAND 
Corp. conference at Santa Monica. I have been. trying to think for 
the last several hours just how it happened. I do not remember, and 
I do not know, Mr. Van Zandt. 

- We recognized the need for some name, and one of the boys in the 
meeting invented this name, and we took it. I am sorry I have no 
better memory. 

Senator Hicxrentoorer. Mr. Chairman, may I ask Dr. Libby—as I 
understand it, sunshine is stimulated by radiation, is it not? 

Dr. Lissy. Yes, sir; in the ultimate, sunshine is derived from radia- 
tion. 

Senator Hickentoorrer. And sunshine, as we know it, and as life 
exists, is completely vital to life? 

Dr. Lipsy. Yes, sir. 

Senator Hickentoorrer. And the effect of the sun and radiation is 
vital to life. I am not trying to say how the term came up, but it 
seems to me there is quite a close correlation between sunshine and the 
effects on human life of radiation. . 

Dr. Lissy. I am trying to find out how this name was invented. I 
am sorry I have not been more successful. I have given you the chro- 
nology of it. 

Representative Horirretp. There is this exception, however, that 
sunshine is beneficial to the growth of life, and radiation seems to be 
the other way. Is that not right? 

Dr. Lizsy. At least radiation has many deleterious effects, Mr. Holi- 
field. I think it has a few good ones. 

Representative Horirmtp. As a Californian, I would like to say, 
the RAND Corp. being out of California, where we have a lot of sun- 
shine, I would say, coming from California, this helps offset the repu- 
tation of smog we have out there. 

Senator Hicxentooprr. As long as we are in that field, Mr. Chair- 
man, I might say, inasmuch as sunshine brings, and has over the mil- 
lenniums, brought substantial amounts of radiation, perhaps it is that 
the more sunshine, the more danger there is to the skeletal structure of 
the human body. That might be argued in favor of those areas which 
are less blessed with sunshine, I do not know. 

Representative Corz. Mr. Chairman, on this point of the name 
Project Sunshine, I fear a feeling may have developed that that name 
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was deliberately selected to mislead the public with respect to the im- 
portance of the subject under discussion. | 

Since you were connected to a rather direct degree with this project © 
from its inception, can you assert unequivocally that the selection of 
the name “Sunshine” has no purpose or intent of misleading or mini- 
mizing the importance of the study 2 

Dr. Lippy. Yes, Mr. Cole, I certainly can. It never had any pur- 
pose to mislead or be flippant about the whole matter. The name was 
selected—and I am afraid perhaps we did not pay too much attention 
to the name in selecting it. But there was never any intent to mislead 
or to minimize the importance of the hazards. 

Senator Anperson. I thought you testified you did not know how 
it was selected. If you did not know how it was selected, how could 
you know the circumstances under which it was selected ? 

Dr. Lissy. What I testified to, Senator Anderson, was I did not 
understand how the word “sunshine” rather than any other word was 
taken. 

Senator AnpERson. Then how could you answer Mr. Cole’s ques- 
tion in the affirmative ? 

Dr. Lipsy. Well, we certainly did not select this word with any in- 
tent of misleading anyone about the seriousness of this subject. ‘That 
is all. . 

Representative Cotz. The witness may very properly testify he 
does not know how this was done, but he also may testify he does 
know why it was not done. 

Senator Anperson. If you can prove a negative, you may go to it. 

Dr. Lissy. Fallout has been a subject of interest ever since the first 
atomic bomb was exploded. At the Alamagordo test, July 16, 1945, 
there were scientists present who were interested in fallout and studies: 
were subsequently made of the sparse vegetation of that countryside. 

The organization which is today known as the Health and Safety 
Laboratory came into being ith the establishment of the Commission 
on January 1, 1947. Scientists from the Health and Safety Labora- 
tory made their first collection of fallout material on February 1, 1951, 
when radioactive snow was reported in Rochester, N. Y. At this time, 
assays of mixed fission products were made on snow and water from 
samples collected from throughout the Northeast. The source of this 
radioactivity as undoubtedly our very first Nevada tests conducted 
in the early spring of 1951—Operation Ranger. The first actual 
fallout collection network was established a few weeks later for Oper- 
ation Greenhouse, an Eniwetok test series, and the collections were 
analyzed for mixed fission products; the network operated from April 
to June 1951, making collections in eight stations in the United 
States. The following pear, 1952, the Weather Bureau and the AEC 
collected radioactive fallout at 120 Weather Bureau stations in col- 
nection with Operation Tumbler-Snapper. 

Representative Cor. At that point, Mr. Chairman. 

Dr. Libby, do you intend to indicate the present system of collec- 
tion stations? 

Dr. Lissy. I would be very pleased to. It is not in my statement, 
though. 

Representative Corr. Your statement says that in 1952 you did have © 
these 120 stations. That was 5 years ago. 

Dr. Linpy. Right. 
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Representative Corn. I think the committee'and the public would 
be interested to know what the present. is. 

Dr. Lissy. I believe Mr. Eisenbud, who is in charge of this, did 
describe this system to you in earlier testimony, Mr. Cole. Did he 
not, Mr. Chairman? 

I would be pleased to recount it. 

He has a system now which is essentially worldwide, 2 sorts, I 
believe 3 sorts, really. He collects the gummed papers, which he 
described to you. He puts out buckets, or washtubs at various places 
to get a total collection. Then, in addition, we have a system of 
collecting soil samples on a worldwide basis. So we have a much 
more thorough coverage, not only of the United States, but of the 
whole of the Western World, at least, and through the U. N. Radia- 
tion Committee, I can say of the whole world to a certain degree than 
existed in this early time of 1952. 

Representative Corr. Instead of 120 collecting stations located in | 
the continental United States, can you indicate the approximate 
number of collecting stations throughout the world? 

Dr. Lizsy. I would be hard put to give you even an approximate - 
number. I am sure it is larger, but I can ask for that. 

Representative Corn. Dr. Eisenbud is in the audience, and since 
this is a matter of general interest, let us have it in the record. 

Dr. Lissy. I am sorry. It comprises now only 94 stations in the 
United States. These are the gummed paper stations. We make a 
distinction between the gummed paper and the washtubs and the soil. 

Ninety-four stations of gummed paper in the United States, with 
75 now in foreign countries. 

What I call the washtubs are located at seven stations in the United 
States, and in the following countries: Hawaii, Chile, French West 
Africa. Austria, Union of South Africa, Thailand, South Rhodesia, 
Pakistan, Kenya, Japan, Colombia, and Brazil. And this network is 
being extended. 

Senator AnpERson. Since we are considering the Hawaii statehood 
bill this morning, I think the Hawaiians would object to being put 
outside of the United States. 

Dr. Lissy. Well, we have had this network of gummed paper 
operating continuously since 1951 and 1952. The washtub or stainless 
steel pot system is just now beginning to operate. It was set out 
last fall, actually. And the soil collection data—well, I will describe 
those in my statement. | 

Representative Van Zanpt. Dr. Libby, does this sampling go on 
around the clock, or just at a given time? 

Dr. Lipsy. No, it goes around the clock, Mr. Van Zandt. 

Representative Van Zanpr. Around the clock? 

Dr. Lipsy. Yes. 

Representative Van ZAnpr. In other words, your gummed paper 1s 
in the open atmosphere around the clock, and picking up samples 
continuously ? 

Dr. Lipsy. Yes. The washtubs are, too. That is, you do not put 
the washtub out just when it starts to rain. You leave it out con- 
tinuously. And after a rain you bring it in and swish it around to 
suspend the particulate matter and bring the rain and the sediment 
in for analysis. But you put the washtub right bac! out so that you 
get the total fallout in the area. 
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We have established rather definitely that the washtubs give good 
numbers that check with the total soil content of fallout. This has 
been done in 2 or 3 places quite carefully, and checks resulted. 

Representative Van Zanpt. Thank you. 

Dr. Lisspy. Meanwhile, at the Oak Ridge National Laboratory, Dr. 
Nicholas M. Smith, starting in 1949, had made a theoretical analysis 
of the long-range aspects of fallout. Smith concluded that over a 
period of years strontium 90 would be the most hazardous component 
in fallout and that an accurate knowledge of the distribution of this 
substance over the world would be essential to any scientific estimate 
of the potential long-range health hazard due to fallout. In 1952, 
RAND Corp. was given a contract to make an independent study of 
fallout and this study culminated in the summer of 1953 in a confer- 
ence of selected consultants who made an intensive overall review and 
evaluation of the fallout problem. The conference recommended that 
the study of mixed fission products, then current, be supplemented by 
a worldwide assay of the individual fission product, strontium 90, 

roduced by nuclear detonations, and so Project Sunshine was born. 

ost of the information presented to you so far in these hearings, if 
we exclude genetics and the toxic effects of ionizing radiation, was 
developed in the Sunshine project. 

Samples for assay have included soil, alfalfa, animals, dairy prod- 
ucts, human bone, rain, well and spring water, snow, and many other 
similar materials from various parts of the United States and from 
countries all over the world. Some of the scientists were exceptiona!ly 
eager to get started on the program and the first experiments had been 
performed before the 1953 conference adjourned. As a result, Sun- 
shine was born with essentially three working laboratories—a group 
working at the Health and Safety Laboratory in New York City under © 
the able direction of Merril Eisenbud and later Dr. John Harley; a 

oup at Columbia University under the competent direction of Dr. 
Daas Kulp of the Lamont Geological Observatory; and a group at 
the University of Chicago, which was initially under my direction 
and Jater under Dr. Edward Martell. A little later, Dr. Lyle Alexan- 
der, of the Department of Agriculture, became interested in Sunshine 
and has personally collected many of the extremely important soil 
samples which have been analyzed in the program. Subsequently, two 
commercial laboratories, Nuclear Science & Engineering Corp., in 
Pittsburgh, and Isotopes, Inc., in New York, were asked to assist in 
carrying the burden of isotopic analysis. In the last year or two, sev- 
eral other countries, notably the United Kingdom, have taken up the 
study, and the United Nations has organized, at the suggestion of the 
United States, the Scientific Committee on the Effects of Atomic Ra- 
diation with which all countries collaborate freely. Dr. Shields War- 
ren, outstanding scientist and medical doctor, and the first director 
of our Division of Biology and Medicine, heads the United States 
delegation. This international committee has been very beneficial. 
The information furnished by the cooperating countries has been a 
substantial and significant addition to ours. 

Orsinally) Project Sunshine was focused on the study of strontium 
90 fallout and its effects, but with the passage of time, Sunshine has 
come to mean all of the Commission’s activities directly connected 
with offsite fallout so that any summary of Sunshine activities must — 
include the important work of Dr. Austin Brues and his collaborators 
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at the Argonne National Laboratory on the toxicity of strontium 90; 
of Dr. Cyril Comar at Oak Ridge on the metabolism of. radio- 
strontium in humans and animals; Dr. William Neuman at the Uni- 
versity of Rochester on the depoition of strontium 90 in bone; Dr. 
Kermit Larson, of the University of California at Los Angeles, on 
fallout materials in plants, and many others. At the present time, 
there are upwards of 50 contracts with outside laboratories bearing 
upon Sunshine and, in addition, work at the Commission laboratories. 

Representative Horirmxp. Dr. Libby, this is a very impressive 
statement of the different projects which are engaged in in studying 
the effects of radiation. We asked Dr. Dunham for specific informa- 
tion in regard to numbers of people employed either directly or 
through contract. If that information is available, I believe this 
would be a good place to put it in. 

Dr. Lissy. All right, we will see that it is done, Mr. Chairman. 

Representative Van Zanpt. Mr. Chairman ? 

Representative Horirrerp. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Libby, will you put in the record 
_the 50 contracts, the names of the companies, as well as the amount 
of money involved, and the number of personnel employed? 

Dr. Lispy. We would be very pleased to do that. 

Representative Van Zanpr. And the nature of their studies? 

Dr. Linsy. Yes, sir. 

Senator AnpErson. Since there has been an interruption, maybe I 
can go back a bit. | 

You mentioned the work of the United Nations in organizating 
the Scientific Committee on the Effects of Atomic Radiation, and Dr. 
Shields Warren, whom we all recognize as a very fine person, heading 
the United States delegation. Is there a geneticist on the United 
States delegation ? 

Dr. Lissy. The composition—I will have to ask Dr. Dunham to 
answer that. | 

Senator Anperson. I think we had some testimony from geneticists 
there was none. 

Dr. Dunnam. The official representative of the United States is Dr. 
Shields Warren. He has two alternates, Dr. Austin Brues, and Mr. 
Merril Eisenbud. 

At the last meeting of the United Nations Scientific Committee, 
which was held in Geneva in April, he took with him as consultants, 
as did the representatives of the other member countries of this com- 
mittee, two outstanding geneticists from this country—Dr. George B. 
Beadle of California Institute of Technology, and Dr. Sterling Emer- 
son of the Division of Biology and Medicine. 

Does that answer the question ? 

Senator Anprrson. The answer to the question, then, would be, 
“No, there is no geneticist on the United States delegation.” Is that 
not correct ? 

Dr. Dunnam. That is absolutely correct. 

Senator Anperson. It is a simple answer. 

Dr. Dunuam. There can be only one official delegate. 

Representative Corn. How large is the official delegation ? 

Senator Anprrson. And two people who accompanied him? 

Dr. Dunuam, Yes. ; 
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‘Senator Anperson. Who are these others that go along if they are 
not delegates ? 

Dr. Dunnam. They are so-called alternates who may go along, and © 
particularly act for the—officially act for the representative in his 
absence. 

Representative Corr. Are either of the alternates specialists in any 
one field of biology ? 

Dr. Dunuam. Dr. Austin Brues is a specialist in radiation pathol- 
ogy. He is an outstanding authority on the subject. Your commit- 
tee asked him to testify as he did the other day. 

Mr. Merril Eisenbud is not a biologist. He, however, is, as Dr. 
Libby has just indicated, the one who has been a prime figure in the 
development and accumulation of the information we have in this 
country on fallout. Therefore, it was felt appropriate that he be an 
alternate, because he lived this problem day in and day out. 

Representative Hortrirerp. Dr. Dunham, could you furnish now, 
early, for the benefit of the press and the audience, the numbers which 
we asked you for the other day? I think it would fit in at this point in 
the record. 

There is a great deal of propaganda going around throughout the 
Nation that we are not concerned about this matter governmentwise, 
and I think this would help to show that there is concern on the part of 
the Congress and the Atomic Energy Commission, and that there is 
considerable effort both in terms of personnel and in money being 
devoted to a study of the problem. 

Dr. Dunuam. I have here a document I believe the committee al- 
ready has copies of (p. 1893). I was planning to give it to you for 
tomorrow. I will read you the first page. 

Scientic man-years for sampling and analysis of radioactive fallout, 
including fission products, toxicity and transport, 253. 

The effects of radiation on humans, mammals, and other organisms, 
exclusive of genetic studies, 449. 

Treatment and methods of ameliorating radiation effects, 60. 

Genetic effects of radiation, studies on human genetics, 12. 

Experimental studies on the genetic effects of radiation on species 
other than man, 71. 

Biochemical and microbiologic studies of radiation effects, 110. 

Environmental studies, 4. 

Dosimetry research, development of improved methods of measur- 
ing fallout, 47. 

A total of 1,006 scientific man-years. 

Representative Hotirtetp. Thank you very much. 

Do you have a complete presentation for tomorrow ? 

Dr. Dunuam. It is already in the hands of the committee, I believe. 

Representative Corz. You confused me by that last expression, 
“scientific man-years.” Get it down to the number of people the 
Commission has engaged, either direct by contact, in the study of 
biological aspects of radiation hazards. 

Dr. Dunuam. The figure, if we gave you numbers of people, would 
be much larger, but it would also be misleading, because many people 
do not spend full time on this work. - 

Representative Coir. Give me the total number, and allow me to 
decide how far I have been misled. 
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Dr. Dunnam. I do not have that number, but I will get it for you, 
Mr. Cole. I will be happy to get it. 

Representative Corr. Would it be in the order of. thrée or four 
thousand ? | 

Dr. Dunnam. It would be in that range, yes; I am sure. 

Representative Van Zanptr. Mr. Chairman? 

Representative Hoxirmxpp. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Dunham, I asked a question the 
other day, but I think it should be repeated at this point in the record. 

Are there any independent studies being made of the radiation 
hazards, that is, independent of Government, independent of the 
Atomic Energy Commission ? 

Dr. Dunuam. If you are talking about the actual research work 
and the collection of data, I believe the Atomic Energy Commission 
is responsible and supporting by far the large majority of that work 
which is done in this country. If it is a matter of evaluation of the 
data, as you know, the National Academy of Sciences: has a continu- 
ing group of committees reviewing this problem. They have been 
meeting ever since their report a year ago, and will continue to do 
so, and review the subject. 7 

Representative Van Zanpr. Dr. Dunham, I imagine that the AEC 
has access to the studies of the independent groups? — | 

Dr. Dunnam. That is right. We are kept in touch with each other. 

Dr. Lizzy. But these groups are entirely independent, Mr. Van 
Zandt, in their functioning. 

But on the point of geneticists, Senator Anderson, I assure you we 
have no intention of slighting in any way the subject of genetics. We 
consider it to be very important. 

Senator Anprerson. I assume you have heard about the testimony 
of Dr. Glass. 

Dr. Lassy. I have not read it; I am sorry, but I read the morning 

apers. 
; Benatbt AnpeErson. I am sure your agency does not differ from any 
other. You have them reporting to you what is going on. 

Here is a group that met 22 times in the last 3 years while Dr. 
Glass has been a member of it. He had been hopeful, I guess, some- 
time that the Atomic Energy Commission would ask him what they 
thought about the project, but nobody thus far has. 7 

Dr. Lissy. You see the committee reports to Dr. Dunham, and I 
would like him to comment upon that. 

Dr. Dunuam. The committee reports through me to the Commis- 
sion. 

Representative Corr. What committee are you talking about? 

Dr. Dunnam. I assume Senator Anderson is talking about the 
Advisory Committee for Biology and Medicine. 

ence Anperrson. Exactly, which is the one Dr. Glass testified 
about. 

Dr. Dunnam. That is correct. I think the record will show that 
on a number of occasions Commissioner Libby has specifically re- 
quested that this subject be on the agenda. It has been discussed at 
practically every one of the meetings in the last 2 years. 

Senator Anprrson. Were any members of the committee there? 

Dr. Dunnam. Members of — | 
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Senator Anperson. Any members of the Advisory Committee there, 
or in absentia ? 

Dr. Dunuam. This is the Advisory Committee meetings, I am talk- 
ing about. At their meetings. 

enator ANpDERSON. You were not trying to imply it had been 
ea lees by Dr. Libby at the meetings of ae Atomic Energy Com- 
mission 

Dr. Dunnam. Oh,no. That is something else. 

Senator AnpErson. You allowed the Advisory Committee to talk 
about what it is supposed to advise about ? 

Dr. Dunyam. That is right. 

Senator AnpERsoN. But do not let it get to the Atomic Energy 
Commission. 

Dr. DunHam. I do not—— 

Senator Anprerson. You say that Dr. Libby has asked this be put 
on the agenda. The agenda of what? 

Dr. DunHam. The ibaa Committee. 

Senator Anperson. The very purpose for which it is created. 

Dr. DunHam. That is correct. 

Senator Anperson. He asks that the subject for which it is created 
be put on its own agenda? 

r. DunHAm. Oh, no. He asks that they specifically consider the 
status of project Sunshine. He has done that on several occasions. 
So has Commissioner Murray. 

Senator ANpERson. How many times has the report of the Advisory - 
Committee been an item on the agenda of the Atomic Energy Com- 
mission that you recall ? 

Dr. Lissy. The Committee makes a report to the Commission every 
meeting, does it not? , 

Dr. eae Yes. After each meeting they write a letter sum- 
msrining their deliberations and any recommendations they might 

ave. 

Senator Anprrson. I guess you misunderstood my question. My 
question was: How many times has a report of the Advisory Commit- 
tee been on the agenda of the Atomic Energy Commission ? 

Dr. Lipsy. I do not believe that the reports, as such, ever are on the 
agenda, Senator Anderson, but that does not mean we do not give them 
the most serious consideration. | 

For example, the General Advisory Committee’s report is never, as 
such, on the agenda.. Items which they report on and recommenda- 
tions which they make will be on the agenda, but the Commission is 
reported to through the mechanism of a letter to the Chairman of the 
Commission, which is circulated to all members of the Commission. 
Just a technicality. It does not go on the agenda. We do pay atten- 
tion to it. We certainly are most interested in supporting genetic 
research, and furthering its investigations in every way. 

Representative Corz. Dr. Libby, a point of clarification. This 
Advisory Committee covers all aspects of the biological consequences 
of radiation, does it not? | 

Dr. Lizzy. All aspects of biology and medicine. 

Representative Cotz. Of which genetics is one element? 

Dr. Lippy. Yes. 

Representative Corz. And I understand from Dr. Dunham’s state- 
ment that you, as a Commissioner sitting in with this Advisory Com- 
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mittee, have from time to time specifically asked the Advisory Com- 
mittee to give consideration to the genetic effects of radiation ? 

Dr. Lissy. I cannot recall 

Senator AnpErson. He did so testify. 

Dr, Lipsy. I cannot recall specifically emphasizing the genetic 
rather than the somatic hazards, but we have repeatedly made it clear 
to the Committee that any words oz advice or conclusions that they 
have on any aspect of the effects of radiation, whatever its origin be, 
be it weapons tests or accidents in peaceful uses—or whatever its 
origin—we certainly want the information. 

Representative Van Zanvr. Dr. Libby, let me ask you this ques- 
tion: In your opinion, as a commissioner, do you think that the sub- 
ject of genetics has been adequately covered ? 

Dr. Lissy. I am not a geneticist, and I know so little about the 
subject of genetics, Mr. Van Zandt, that I hate to answer that ques- 
tion. It seems to me that I do not know the answer. I know we do 
want to encourage good, capable research men to work in this field in 
every way we can, and I am sure Dr. Dunham can testify more 
definitely to your question. I would like to ask him to. 

Dr. Dunnam. J think I can best answer it, Mr. Van Zandt, by 
calling your attention to the fact that the Advisory Committee for 
Biology and Medicine as always had a geneticist on it. This indi- 
cates the preoccupation of the Commission with the genetics problem. 

The first Committee included Dr. George Beadle, of Cal-Tech. 
Following his 5-year stint, Dr. Kurt Sturn, of the University of Cali- 
fornia, took over, and currently itis Dr. Bentley Glass. Further- 
more, since 1950, the Division of Biology and Medicine has always 
had a full-time geneticist of considerable statute on its staff, so as to 
be certain that this area would not be neglected. 

Representative Corr. How large is the Advisory Committee? 

Dr. Dunnam. Seven people, I believe. 

Representative Corr. And 1 out of the 7 has always been a geneti- 
cist ? 

Dr. Dunnam. One has always been a geneticist. 

Chairman Duruam. That is just the Advisory Committee on Bi- 
ology and Medicine? 

Dr. Dunnam. That is correct. 

Chairman Durnam. That does not include the Advisory Com- 
mittee on the whole thing? 

Dr. Lassy. The law sets up the General Advisory Committee, and, 
because of the existence of the Advisory Committee on Biology and 
Medicine, there has been a tendency, I think, to not appoint biologists 
to the General Advisory Committee. So we have never had—I do not 
recall there ever has been a biologist or medical doctor on the General 
Advisory Committee. But it is for the reason that we have this spe- 
cial Committee for the area of biology and medicine. 

Senator Hicxentoorer. Mr. Chairman, may I verify this with Dr. 
Libby? As I understood the testimony of yesterday, first, the Gen- 
eral Advisory Committee is an arm of the Commission; that is, it 
reports directly to the Commission ? 

Dr. Lizsy. Yes. 

Senator Hicxentoorrer. And the Advisory Committee on Biology 
and Medicine is also an arm of the Commission and reports directly 
to the Commission, Is that right? 





| 
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Dr. Lipsy. Well, it reports through the Director of Biology and 
Medicine, though I think the Committee certainly knows we are ver 
glad to have them talk directly to the Commission at any time, and 
try to attend the meetings when I:can. I think your statement is 
correct, Senator Hickenlooper; yes. But there is a statutory connec- 
tion which exists for the General Advisory Committee, which does 
not exist for the other Committee. You will not find the Advisory 
Committee on Biology and Medicine specifically mentioned in the 
Atomic Energy Act of 1954, I believe. 

Dr. Dunuam. May I amplify this? 

Representative Houtriexp. Let’s get to the main part of the testi- 
mony, now, and then we can have 

Senator Hickentoorer. If there is some amplification at this point, 
Mr. Chairman, I would like to hear from Dr. Dunham. 

Representative Horirre po. Go ahead, Doctor. 

Dr. Dunnam. I merely wanted to state that, when I said earlier 
the Committee reports through the Director of the Division, this is 
not actually in fact so. They report directly by letter, the letter that 
goes between the Chairman of the Committee and the Chairman of 
the Atomic Energy Commission. 

Representative Horirrevp. And how does that differ from the Gen- 
eral Advisory Committee? Do they report through the General 
Manager, or do they report by letter, or do they report directly to 
the Commission ? 

Dr. Liassy. The Chairman of the General Advisory Committee 
reports by letter to the Chairman of the Commission. 

Representative Horirrerp. Proceed. 

Dr. Lipsy. At first it was believed that the work of Project Sun- 
shine was so intimately concerned with weapons that it was neces- 
sarily secret, but it presently became apparent that more and more 
aspects were declassifiable; consequently, a year or so ago, virtually 
every aspect of the Sunshine project not already unclassified was 
declassified. It is also true, of course, that many of the problems 
which we think of today as part of Project Sunshine were not so con- 
sidered in the beginning and had been in the unclassified areas since 
their inception. The information obtained has been issued publicly. 
With one exception, I do not know of any significant information on 
fallout in the possession of the Commission which is not available to 
the public. 

Representative Horrriep. Is that exception in the classified area? 

Dr. Lipsy. Yes. That is in the next sentence. The exception 
is certain facts which would reveal information concerning intelligence 
and weapon design and, therefore, cannot be made public; however, 
your committee has access to these facts in executive session. ‘The por- 
tion now classified is only a small segment of the large body of knowl- 
edge about worldwide fallout and, although important, is not vital 
in the understanding of fallout, its effects and its hazards, 

There is another point I would like to make at this time about the - 
study of worldwide fallout and that is that it is a scientific study. 
Thus it has as its objective just one thing, truth, the scientific truth. 
We have a consistent policy of encouraging all competent scientists, 
both here and abroad to contribute to the study. Many of these con- 
tributions can be comparatively indirect and can be carried out in most 
research laboratories as an adjunct to the regular work. In this con- 
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nection, I have frequently suggested particularly to those critics of 
the Commission’s weapons testing program who are competent scien- 
tists that any contributions they might make in the way of scientific 
theories, data, or experiments would be most welcome. 

Representative Corn. Mr. Chairman? 

Representative Hoxrrmerp. Mr. Cole. 

Representative Corr. Would the chairman allow me to interrupt 
Dr. Libby again with reference to the studies of worldwide aspect 
of fallout? 

Reverting to your system of sampling which you have indicated is 
substantially worldwide, as widely distributed as possible, do those 
studies support the assertions which have been made by some that the 
distribution of fallout is not widespread, is not general throughout 
the world, but rather is concentrated in the Northern Hemisphere? 

Dr. Lissy. Mr. Cole, the interpretation—I may say this: The only 
data that exists are the data Project Sunshine have collected and 

ublished. ‘There are not any other data, except those few that have 

en collected in the last year or so by the other countries. So the 
majority of them are ours and whatever difference in interpretation 
ae may be, or difference in statement, must be based on the same 
ata. : 

Senator Anprrson. I hope we talk about that, but I was going to 
wait for that portion of your statement, where you talked about the 
uniformity of stratospheric fallout. 

Dr. Lisny. Yes, sir; I would be very glad to discuss this question. 

Representative Corz. All right. 

Representative Van Zanpt. Mr. Chairman? 

Representative Honirrevp. Mr. Van Zandt. 

Representative Van Zanpr. Dr. Libby, this morning’s Washington 
Post carried an article by Edwin Diamond, in which he refers to a 
scientific document entitled “Preliminary Data on the Effects of 
Atomic Bomb Explosions, and the Concentration of Radioactivity in 
Lower Atmosphere and Soil.” 

This is supposed to be a Russian document. Does the Commission 
have this document, or a copy of it in its possession ? 

Dr. Lizssy. Well, Mr. Van Zandt, I do not recognize it by the title, 
and I read every article that comes to the U. N. Radiation Committee 
from whatever source. That does not mean that I have not read it, 
and that we donot haveit. Idonot recognize the title. 

I would say, from what Mr. Diamond said in the paper, that I have 
not read it. Maybe it is real new and we just have not seen it yet. 

Representative Van Zanpt. Thank you. 

(A clarifying letter from Dr. Machta follows :) 

; JUNE 9, 1957. 
To: For the record. 
From: Chief, Special Projects Section, OMR, United States Weather Bureau. 
Subject: U.S. S. R. fallout document. 


Several questions by members of the Joint Committee on Atomic Energy at the 
fallout hearings dealt with a U. S. S. R. document entitled “Preliminary Data on 
the Effects of Atomic Bomb Explosions on the Concentration of Artificial Radio- 
activity in the Lower Atmosphere and in the Soil,” edited by B. M. Isaev and 
D. L. Simonenko, Moscow, 1956, which was mentioned in an article by Mr. Dia- 
mond of INS in many newspapers last week. 

Our office first showed this document to the reporter many weeks ago, a5 & 
result of inquiries about U. 8S. S. R. contributions to the International Geophysical 
Year in nuclear radiations. Mr. Diamond, however, neglected one fact in his 
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article, which the undersigned and Mr. R. J. List, of the United States Weather 
Bureau, gave him and repeated at least a half dozen times. This is the fact that 
at the recent meeting in Geneva of the United Nations Scientific Committee, the 
U. 8. 8. R. has withdrawn the data included in the report. In other words, there 
is no authentic fallout data from the U. 8. S. R., insofar as we are aware. This 
is contrary to the facts of the newspaper article. My personal opinion is that 
the data in the report of the U. 8. S. R. are wrong and withdrawal is justified. 
LESTER MACHTA. 


Dr. Lispy. Our policy is to discover the truth about fallout and to 
make it public. 

The Commission has provided its data to the United Nations Scien- 
tific Committee on the Effects of Atomic Radiation, which I men- 
tioned a moment ago. Of course, the scientists employed by our con- 
tractors, and who are working in this field are encouraged to publish 
their findings in scientific journals—a practice which insures the 
availability of the information to all scientists everywhere. Any 
data or information which is not suitable for publication in scientific 
journals, but which has sufficient merit to warrant its distribution, 
can be and is published through the Technical Information Service 
Extension at Oak Ridge. 

If one takes the summer conference at RAND in 1953 as the real 
beginning of the worldwide fallout study, then we began by consid- 
ering all known aspects of the problem, and by planning a careful 
experimental attack on each of them. A continuous review has been 
going on ever since, conducted principally by the scientists engaged 
in the program, but vitally assisted by the study, The Biological 
Effects of Atomic Radiation, made last year by the National Academy 
of Sciences, and the continuing advice of the Advisory Committee 
on Biology and Medicine and the General Advisory Committee. 
Whenever it appears that some facet. has been overlooked or is not 
receiving enough attention, an immediate effort is made to get the 
additional work going. This method of continuous criticism and 
evaluation has enabled the program to be productive and effective. 

It is fortunate for our national interest—and for that matter the 
national interest of other countries as well—that this has been so, 
because were it not for the efforts of the scientists of Project Sun- 
shine—they are relatively very few in number—not much would be 
known about worldwide fallout. As it is, the broad aspects of world- 
wide fallout are understood. In this connection, Dr. Dunham has 
asked that you put in the record 11 papers and technical speeches 
with detailed data. (See p. 16.) 

As regards the physical rather than the biological facts about fall- 
out, many possibilities still exist for minor controversy over detail, 
but no scientist who takes the trouble to learn what the facts really 
are will fail to agree with the overall picture. I know of no scientist 
who has studied the data who does not agree on the general amount 
of fallout received, the amount of strontium 90 in the body, the rain- 
fall effect, and other features such as the stratospheric reservoir and 
the storage there for a time of many years. We still are not certain 
that 10 years is the best figure, but everyone agrees that it is a matter 
of years and the uniformity of stratospheric fallout is still under 
study as Dr. Machta has made clear. 

Senator Anprrson. Now that is the point where I would like to 
ask you a question, because you say the scientists do agree on the 
overall pictuis. | 
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Dr. Lipsy. Yes. 

Senator Anprerson. Dr. Machta testified in here, and it seemed to 
me he testified that the stratospheric fallout was not uniform. I will 
just quote from him. | 

After 2 years debris in the atmosphere from our Castle tests is still not unt- 
formly distributed in the stratosphere. The upper air program of the Atomic 
Energy Commission can check this thesis in the near future. 

Delayed fallout has not been deposited uniformly over the earth. On the 
average, there is more delayed fallout in the north temperate latitude, even 
though the main injection was in the tropics, that is, the Marshall Islands. 

Incidentally, this deposition of worldwide fallout was confirmed, 
I believe, by both Dr. Kulp and Mr. Eisenbud, who showed that the 
Northern Hemisphere had from 2 to 3 times as much strontium 90 as 
the Southern Hemisphere. 

How do these check with your statement made on the 26th of April 
on uniformity ? 

Dr. Lizzy. I think they check very well. But let me explain that 
ety paradoxical reply. 

enator ANpERSON. To a layman uniformity and nonuniformity are 
quite different terms, and you have used the term “uniformity” here 
again, and he keeps using the term “nonuniformity,” Doctor. How 
do you put those into the same church ? 

Dr. Lizey. I would like to use a chart for the rainfall in the Chicago 
area in the year 1955. I thought by selecting this one narrow thing 
I could explain it better. 

Senator AnpErson. It may be very helpful. But do you believe 
that strontium 90 is aeneaiterl uniformly over the world? 

Dr. Lizssy. No, sir; and I never said that, sir. What I said was 
different—that the stratospheric components of the fallout might 
very well be uniform, and for the time being until we know better, 
we would so assume. 

So the argument, really, if there be one—and I do believe it to be 
minor—is whether the stratospheric components of the fallout is 
uniform, Senator Anderson. 

Senator Anperson. Do you think that sort of distinction occurred 
to the average person who is groping for information in this field? 

Dr. Lipsy. I am afraid not, and I am sorry to have to agree with 
you, Senator. I think it is not. We have tried hard to explain the 
nature of the fallout from what we call the lower atmosphere, the 
troposphere. This stuff has no time to mix worldwide and comes 
down in the same general latitude as the bomb was fired. 

The stuff that goes upstairs into the stratosphere stays so long that 
it has time to mix pretty much all over the world. 

Now, the real point of discussion here, Senator, is this stratospheric 
material, which comes from large-yield megaton-class bombs—though 
it could come from small bombs if they were fired in the stratosphere— 
but the material that gets upstairs into the stratosphere and stays there 
for a matter of years. And Dr. Machta agrees with this. 

Now the question is: How thoroughly does this mix before it comes 
down in its slow fashion ? 

This figure I have over here perhaps will help me explain it to you. 
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These are washtub data from the city of Chicago for the year 1955 
where a washtub was placed on the roof of one of the buildings of 
the University of Chicago, and left out there continuously. It was 
only when it rained that we would empty the water and the solids that 
had accumulated and take those into the laboratory, and analyze them. 
The size of the dots indicates the error of the analysis. 

I think you will notice at a glance that there is one big cliff in that 
curve of the strontium 90 fallout against time, which begins in 
January 1955, and extends throughout that year into January 1956. 

There is a big cliff, and it is obviously correlated with the time at 
which we started firing small bombs in the Nevada test site, the so-called 
Teapot series. 

So I say that of all of the fallout which occurred in the year 1955 
in this particular area, on this particular roof, on the University of 
Chicago campus, most of it came from the Nevada series. 

Now this is a difference of point of view which is not serious, in 
the sense that further information will straighten it out, and the 
difference for the prediction for the future is not measurable. 

Dr. Machta and we agree about the occurrence of the stratospheric 
storage. We are not in disagreement. We have a range of opinion 
about the length of time it stays there. 

The point about this band of stuff which lies in our latitude is that 
I say it is due to material that was deposited quickly, and I think Dr. 
Machta, to a certain extent, implies that part of that came from the 
stratospheric fallout which had not mixed. 

Well, we do not know the answer to this. 

I know that we have no place in the world where any rainfall at 
all occurs where we do not find fallout. I have measured snows from 
oe South Pole, and every bit taken from the surface has detectable 

allout. 

We have had testimony from Dr. Kulp that bones from whatever 
part of the world, whatever part of the Southern Hemisphere, showed 
detectable strontium 90. The only places in the world where you do 
not find it are places where it has never rained. 

Senator Anperson. I think we had one witness—and I will not try 
to recall his name—who testified that in the Latin American countries, 
or the Southern Hemisphere, it was half what it was in the Northern 
Hemisphere. 

Dr. Lissy, That is true. 

Senator Anprrson. Would that prove or disprove this theory of 
uniformity ? 

Dr. Lippy. I think, Senator, that you and I understand; we must 
try to make this clear to everyone now. 

You see that cliff there is not from the stratosphere, in my opinion. 
That cliff, that rapid rise in March, April, and May of 1955, was 
material that came from Nevada which had just come over. It did not 
go worldwide. That did not get in the Southern Hemisphere. 

The flatter portion which you have there, in my opinion, was just 
about the same in the Southern Hemisphere. Now Dr. Machta says it 
was less. I do not think we know the answer, Senator. 

Senator Anprrson. I will read what you said on just the previous 
page. You said, “but no scientist who takes the trouble to learn what 
the facts really are will fail to agree with the overall picture.” 

Dr. Lissy. I think that is right. 


/ 
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Senator Anprerson. And you just got through saying you believe 
one thing and Dr. Machta something else. 

Dr. Lizsy. No; he believes the same thing. 

Senator Anperson. And naturally the rest of us get confused. 

Representative Price. Will the gentleman yield? 

Senator AnpERSON. Yes. 

Representative Price. I think Dr. Machta said his findings—when 
questioned about your statement of April he said the disagreement 
came because of the fact that he was making his statement based on 
later findings. 

Dr. Lissy. I .guess that is true, sir. I did not want to raise that 
point though. I mean it must be true; yes. That is, I am perfectly 
willing to change our mind if our stratospheric sampling—you see, 
we have a program now of going upstairs and actually Rudana out 
how much is there. This program is going and we will know this 
answer—and it is not very far away. 

Representative Hoxirmp. I think we are missing the point, if the 
Senator will yield. The point is not that there is a uniform distri- 
bution in the stratosphere. The point is, is the fallout from the 
stratosphere uniform or is it uneven, and I think Dr. Machta showed 
where the breaks in the stratosphere occurred and the downwinds 
came through those breaks that this was conducive to depositing the 
material unevenly on the earth’s surface. Do you agree with that 
statement ? 

Dr. Lissy. Certainly Dr. Machta is a most eminent meteorologist, 
and I am not a meteoroligist. I think your point is very well taken, 
Mr. Holifield, and may very well result that there is a band in both 
hemispheres, you see. That would follow from this analysis you 
have given us—that, if the mixing is at all uniform worldwide, there 
could be a band in both hemispheres. 

Representative Hoxiriexp. It is also true, is it not, that the terrestial 
winds, the so-called jet winds, are more concentrated over the tem- 
perate zone, and as the material comes into a stream from other zones, 
why, it would tend to concentrate in the temperate zone; would it 


not? 


Dr. Lippy. Yes. 

Representative Horirmerp. Your answer to that was “yes”? 

Dr. Liszy. Yes; I believe so. 

Representative Hontrrerp. On the chart over here, this really has 
very little, if anything, to do with stratospheric fallout. It 1s mostly 
the tropospheric fallout; is it not? vi ey 

Dr. Lissy. I think the stuff before and aiter the cliff is largely 
stratospheric. 

Representative Horirrmip. You mean from January to March? 

Dr. Lissy. January to March, and then from—— 

Representative Horirretp. That would be the stratospheric? 

Dr. Linsy. Yes. After the Teapot, Nev., series did you have a rise 
in the fallout, but that was tropospheric and not stratospheric. That 
was kiloton bombs. ‘ 

Senator Anperson. Dr. Libby, in that speech in April you said: 
For air-fired megaton weapons, our present indication is that the fallout is 
almost worldwide; and for reasons of simplicity, and in the absence of better 
information at the present time, we work on the model that this is a uniform 
distribution over the entire world of the material that falls from the strato- 
sphere. 
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If you had to assume something, why not assume what the results 
show—that it was nonuniform distribution ? 

Dr. Lazy. You see, sir, my interpretation of the results would be — 
that they are not conclusive in showing nonuniformity. 

Senator Anprrson. No, but 50 percent of this radioactive material 
fallout of fission products goes into the stratosphere. Now it is quite 
significant if you start to assume all of this is going to come down 
evenly, but if you start to assume it may not come down evenly, there 
may be a band where deposits are heavy, it might affect people in the 
Northern Hemisphere, it might really concern them, and you might 
have to revise, it would seem to me, your estimate of the future fallout 
pattern in the United States. 

Iam only trying to say, why do you always say “uniformity,” when 
the experience shows nonuniformity ¢ 

Dr. Lissy. The experience does not show nonuniformity on the 
stratosphere, Senator, definitely. 

Senator Anprerson. I do not say that. You twisted it to mean 
something else. I said: “Why do we always have to assume uniform- 
ity in the fallout pattern of these materials, when all of the experience 
shows nonuniformity in fallout?” I am not talking about what is 
upstairs. 

Dr. Lansy. We certainly should not do that, and we have never 
done that, Senator; and I think it is important to make that clear. 

Senator AnpErson. You mean this speech does not assume that? 

Dr. Lappy. That speech is correct as far as I know. 

Senator ANDERSON (reading) : 


We work on the model that this is a uniform distribution over the entire world. 


Dr. Lipsy. Stratospheric, sir. | 

Representative Cots. Senator, read. the rest of the statement. 

Senator ANDERSON. I have read it with care. 

Representative Cote. You will see it is not—— 

Senator ANDERSON (reading) : 

Further evidence and data on this are rapidly being collected which will un- 
doubtedly settle the stratosphere horizontal mixing question. 

That does not give me any more comfort than the first statement. 
You assume uniformity even here this morning. After Dr. Machta’s 
very enlightening discussion, you start with the uniformity of strato- 
spheric fallout. Why do you use the word “uniformity”? Why don’t 
you use the word “nonuniformity” ? 

Dr. Lissy. Because it is a question which is subject to some—like all 
scientific conclusions, you take the data and you draw conclusions from 
the data. The fact that banding of fallout occurs around our lati- 
tude, Senator, nobody argues about. Nobody argues about that. We 
do have this heavy banding in our latitude. And in my opinion it is 
due very largely to young fallout which never has been up there for 
years. It has been up there for weeks or months, and has not had time 
to mix. This difference of opinion is going to be settled. I do not 
believe that it is a major controversy. It is a minor one and will not 
seriously affect the general conclusions of this hearing. 

Senator Anpmrson. It affects tremendously the question of how 
much fallout is safe, how much testing is safe, because if you assume 
that the pattern is uniform around ie world, when actually it is 2 
times or 3 times heavier in a given place, then you have, by this as- 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1217 


sumption, lowered the possibility of damage from fallout. And the 
question is: Is that the reason why we say fallout is uniform over the 
whole world, whereas if we calculated it directly according to the way 
it is coming down, we might get a different answer ? 

Dr. Lizzy. You are certainly right, Senator, 

Senator Anprrson. That is my only point. 

Representative Horirmxp. Dr. Libby, may I clear up one technical 
point here ? 

_ Dr. Lippy. Yes. 

Representative Horirrerp. The figure has been used in testimony be- 
fore this committee of 50 percent of the fission products of a weapons 
test going into the stratosphere. Let us clear up now, if we can, that 
we cannot rely upon the 50 percent, and I ask you this question: 
Does it not depend upon the size of the weapon as to how much goes 
into the stratosphere? And therefore the percentage would vary 
from a‘large weapon, let us say, from as much as 75 percent going into 
the stratosphere and a smaller weapon that would puncture the 
stratosphere might deposit 25 percent, and a still smaller one would 
not go into the stratosphere at all? Is that clear? And if it is not, 
will you please clarify it? 

Dr. Lipsy. It is quite true, Mr. Holifield, all that you have said. 
The statement about 50 percent is sort of rough. I mean there is noth- 
ing magic about that number. 

epresentative Horirrexp. No. 

Representative Coir. On that point, if I may, Mr. Chairman; the 
size of the weapon is not the only factor which determines the amount 
of material that goes into the stratosphere, is it ? 

Dr. Lippy. Oh, no, no. 

Representative Corr. What are the other factors? 

Dr. Lipsy. There are many factors. For example, if you took a 
kiloton bomb upstairs and fired it, it would be in the stratosphere. 

Representative Corz. Well, the altitude has a great deal to do 
with it? 

Dr. Lippy. Surely. 

Representative Coir. Does the nature of the weapon have anything 
to do with it? 

Dr. Lipsy. The yield certainly determines whether it is going to 
push up the yield, among other things. That is, if you fire two bombs 
at the same distance above the earth’s surface, the megaton bomb will 
get into the stratosphere and the kiloton bomb will not. Of course 

at is a rough general statement, too. I mean a 1-megaton bomb 
would not all go into the stratosphere, and some of the 100-kiloton 
bomb would go into the stratosphere. 

Representative Horirreip. And it is true, as you said, a thousand- 
ton bomb, if projected in the stratosphere by missile, would release 
all radioactive material in the stratosphere. 

Dr. Lipsy. It would all be in the stratosphere. 
ee centative Hourrretp. In my evaluation I was, of course, talk- 
about ground explosions. 

r. Lipsy. Yes, I understood that, Mr. Holifield. But I thought 
it might be interesting to make this point that even kiloton bombs 
can give stratospheric fallout in the southern hemisphere if they are 
fired high enough in the air. : 


in 
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Senator Anprrson. I was about to ask you how many people live 
in the stratosphere, but let me get down to this: Since the worldwide 
average is not calculable if it did fall down in a uniform pattern, 
would it now appear desirable or necessary to raise the predictions 
for the Northern Hemisphere, including the United States? 

Dr. Lippy. We certainly, in considering this tolerable limit should 
consider the fallout pattern, Senator, not a theoretical or simplified 
one. One should take this into account, those bumps, like that [1n- 
dicating] which are due to Nevada. We have to add those things in 
there. 

Yes. The answer to your question is, “Yes,” one must take these 
into account. To reach an overall simplified figure, it might be justi- 
fied to say, “If we fired everything in the stratosphere, this would be 
the figure.” Or to take another one. If we fired everything in the 
troposphere, this would be the figure. But in the actual determina- 
tion, you must take the actual figures for the fallout as distributed 
rather than depending on some theory. This is certainly true. 

To proceed with my statement: 

These essential points are generally agreed and the questions under 
debate are really largely political and sociological. For example, 
we agree that the extra radiation from the test fallout is a small 
fraction of the natural dosage we receive from our own bodies, our 
surroundings, the cosmic rays and a very small fraction of X-ray 
doses taken by many individuals. 

Representative Coir. Mr. Chairman. 

When you say, “We agree,” who are you talking of ? 

Dr. Lipsy. I am thinking of the scientists who are studying the 
pe part of the Sunshine project; that is, the fallout, worldwide 

allout. 

Representative Corr. You are referring to the scientists who are 
directly engaged in the Sunshine project? 

Dr. Lippy. Yes, sir. Dr. Machta, and me, for example. 

Senator AnprErson. I had not intended to interrupt, but in the pre- 
vious sentence you say, “the questions under debate are really largely 
political and sociological.” 

These 2 or 3 weeks have been set aside for the examination of wit- 
nesses who are primarily scientific in their approach. Are we wasting 
our time on scientific testimony, and not getting the political and 
sociological ? 

Dr. Lissy. Oh, no. I think it is very important. The service that 
the Congress has done in holding these hearings is tremendous, and I 
commend you on it. You have gotten the facts out in a way that is 
just fabulous. It would have taken years to get this information out 
in the normal course, it seems. And it isso wonderful. No, sir, it has 
not been a waste of time. 

Representative Horirrevp. At this point, Dr. Libby, because of the 
comment you made, you studied our agenda, which was prepared with 
a great deal of care and with a great deal of scientific advice by our 
staff members and scientific consultants, and you have been to some 
of these hearings. Do you consider that these hearings are being held 
in a fair and impartial manner, and in a beneficial manner to the 

eople ? 
5 Dr. Lirry. I certainly do, Mr. Holifield. You could not have done 
a better job, in my opinion. It is possible you might have taken up 
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some other subjects, but I would not have been able to devise a better 
program or set of hearings than you have conducted. I certainly com- 
mend you for it. No criticism at all. 

Representative Honirretp. We asked for suggestions, as you know, 
from the AEC. 

Dr. Lippy. Yes. 

Representative Horirreip, On the preparation of the agenda. And 
of course, we have tried to limit it as much as possible to scientific 
testimony. 

Dr. Lipsy. Yes. 

Representative Horirienp. Now we recognize that there are other 
fields, sociological, political, and moral fields, of interpreting the 
effects and the reasons for having these tests; but it is not the purpose 
of the committee to get into that in these hearings. We are trying to 
collate a great amount of scientific information, so that people can 
make their decisions on information and statistical data from reputa- 
ble sources, rather than upon uninformed statements. 

Dr. Lissy. Yes. I certainly commend you for it. 

Senator Hickxentoorrer. Mr. Chairman? 

Representative Horirreip. Senator Hickenlooper. 

Senator Hickeniooprr. May I ask Dr. Libby about my interpreta- 
tion of his statement, which, of course, came to my attention when 
he read it, that— 

These essential points are generally agreed and the questions under debate are 
really largely political and sociological. 

I interpret that to mean not that there were not scientific data in- 
volved here at all, but that the public has been debating the sociologi- 
cal and political implications of this, and that is one of the great 
interests in the minds of the public which might be clarified, or some 
scientific truth be developed. 

Dr. Lipsy. Yes. ? 

Senator Hickentoorer. Which would dispel a great many fears 
and doubts, and all of those things that have been created by hysterical 
journalism on occasion, and headlines which seek, or which do, in 
effect, create fears and minimize the actual facts. I took that to be 
your reference. 

Dr. Lipsy. That is the sense of it. 

Senator Hickentoorer. I do not mean to have you pass on the ques- 
tion of distorted understandings of these things, necessarily, but there 
is a social and political concern in the country about these things which 
scientific facts may give many answers to. 

Dr. Linsy. That is right. 

Senator Hickentooprr. I will frankly say I have seen many news 
stories which attract the avid interest of the people, and I have had 
telegrams on them about the terrible effects of these tests, which in my 
Opinion are not borne out by the facts in these hearings, but still they 
get into the social and political thinking of people as a result of 
what at least to me is a misunderstanding of the actual facts and data 
that are brought out in these hearings. . 

Representative Horirretp. Referring again to your sentence— 


These essential points are generally agreed and the questions under debate are 
really largely political and sociological. 
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would you not also modify that statement to include a difference of in- 
terpretation of the meaning of certain scientific facts? 

Dr. Lissy. Yes, I certainly would. 

Representative Horirmtp. As well as political and sociological ? 

Dr. Lippy. Yes. 

Representative Horirreip. There is an honest difference of opinion 
among scientists as to what the facts which they are agreed upon 
mean, how they should be interpreted in relation to the effect upon - 
human beings; is there not ? 

Dr. Lispy. There certainly is, particularly in the biological side, 
and particularly—well, particularly in the effects of fallout on the 
human body. There is not such a range of disagreement about the 
amount of fallout, or how much is where or how much has been there. 
There is not so much disagreement about these. 

Representative Hormrenp. Particularly in the field of genetics. 

Dr. Lipsy. That is my impression, Mr. Holifield. 

Representative Horirrep. There seems to be a very great deal of 
unanimity in the opinion of geneticists that people in the area of 
science in which they are most interested are more deleteriously af- 
fected than in the biological, physiological sense. 

Dr. Lassy. I have been reading the testimony yesterday with great 
interest. AsI say, I am not a geneticist in any way, but it certainly is 
interesting to hear what the gentleman had to say. My impression 
agrees with yours. 

Representative Horirrerp. You may proceed. 

Dr. Lipsy. We agree that the radiation given new bone—as in chil- 
dren—from strontium 90 amounts now from 1 to 2 percent of the nat- 
ural dose and that the increase in dose from a wide variety of ordinary 
experiences such as living in the mountains, moving from one locality 
to another where the difference in uranium and thorium content of 
the ground may be very different, living in a brick instead of a wooden 
house—all these normal experiences give doses which far exceed those 
from fallout. This we all agree is so. 

Senator Anprrson. Dr. Libby, right there. Do we also not then 
worry about what this maximum permissible dose is going to be when 
some of this fallout descends from the stratosphere ? 

Dr. Lisgy. No, sir, not at all. But I am showing here the wide 
range of general agreement on the physical aspects of the fallout 
problem. Everybody agrees that the fallout dosage is very small com- 
pared to both the natural dosage and the variation in the natural 
dosage. 

Senator Anperson. Dr. Kulp, in his testimony, indicated that if 
we proceed at the same rate of testing, in 30 to 50 years we would 
get up to 25 to 50 percent of the maximum permissible dosage. 

Dr. Lassy. I am talking about the present time, Senator. The 
preseyt time. You see, when you get into the future, you get into 
theory. 

Senator Anprrson. It is like erosion in my State, If you go out 
and look at a field, you will say, “We do not have to worry about run- 
off at the present time. It is not doing anything but dipping a little 
bit.” And then it dips a little bit more, and finally you have a 
gully. We are interested in what happens 50 years from now. 

Dr. Linsy. Absolutely, we certainly are. 
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Senator Anperson. That is the reason why we might recognize this. 
What do we do with the acceleration of tests? If we have new coun- 
- ties coming in with tests, and the tests pies up, we raise this figure 
of 1 to 2 percent very decidedly,do wenot? | 

Dr. Lissy. Where is the wide difference of opinion? Why do some 
say testing should be continued despite the fallout hazard which they 
regard as tolerable considering the advantages continuance of testing 
has, and others say essentially the opposite? The differences in opin- 
ion about the scientific facts are not the real issue. The differences 
exists, but they do not explain the wide divergence in final conclusions. 

Representative Hortrimip. There was a challenge put out, Dr. Libby, 
in this hearing that the Commission should come forward with a 
clear-cut statement regarding the scientific reasons for the contin- 
uance of testing. The geneticists gave reasons which they thought 
should be considered in the elimination of testing, 

Now we are facing, for instance, in Nevada, a series of tests. Do you 
intend in your statement, or could you at this time give some of the 
scientific reasons—I am not talking about moral or philosophic rea- 
sons—but some of the scientific reasons why we consider, if we do, 
that testing should be continued ? 

You might divide that up into two sections, into the military area 
and also into the area of increasing our knowledge from a protective 
standpoint. 

Dr. Lizsy. I would like to ask you, Mr. Chairman, for permission to 
prepare a statement on this point for the record, because I think what 
I would say off the cuff, so to speak, would be less helpful than some- 
thing I could say after careful consideration. I would be very pleased 
to do that. 

Representative Horirteip. This is the thing I think we ought to 
be alert to—an affirmative drive for the acceptance of democratic ideas, 
instead of always being on the defensive side in relation to Russian 
propaganda in tests. 

I think if you will prepare a careful statement, we will have it ap- 
pended to your presented statement today, so that we may have this 
- subject covered also (see p. 1873). 

Dr. Lissy. I certainly will, Mr. Chairman. 

Representative Coir. Mr. Chairman, on that point. 

Representative Horirieip. Mr. Cole. 

Representative Coir. I am advised that this morning in the press 
conference at the White House, the President discussed the question 
of the need for continuing the weapons testing, the subject of the 
hazards of radioactive fallout; and I would like to ask at the conclu- 
sion of the meeting this morning, a synopsis of that press conference 
be inserted in the record. 

Representative Horirtetp. The committee will consider accepting 
that for the record. Up to now we have received testimony from sci- 
entists. I do not consider the President of the United States a scien- 
-tist. He may have the advice of scientists, but unless the committee 
directs the chairman to break our rules of presenting evidence from 
nonscientists, we will have to take specific action on that request in 
executive session. 

Representative Corn. Do I construe the chairman’s statement, then, 
as being an objection to my request that the President’s press confer- 
ence be inserted in the record following Dr. Libby’s testimony ? 
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Representative Hotirretp. It is not an objection; it is a matter of 
postponement for the committee to decide upon, as we have already 
agreed we will have no one but scientists to testify during this set of 
hearings. And we have turned down many people of outstanding char- 
acter and belief throughout the Nation because of the fact they were 
not scientists because we want to hold this to a collection of scientific 
testimony. seth 

Representative Corz. Mr. Chairman, I am going to at this time ask | 
unanimous consent that the President’s statement at the press con- 
ference this morning on this subject be inserted in the record at the 
point following Dr. Libby’s testimony this morning. 

Senator AnpErson. I would hope that might be done, because the 
scientists are going to get a supplementary statement, and it may 
be well to have the official position of the Government on this. I 
think this might be all right, Mr. Chairman. 

Representative Hortrieip, There is a unanimous consent request 
before the committee. If it is the will of the committee, the chairman 
will entertain the motion of Mr. Cole. 

Those in favor of Mr. Cole’s motion signify by saying “Aye.” 

Those against say “No.” 

(Representative Holifield was the only one voting no.) 

Representative Hortrreip. Proceed. 

Representative Coz. What was the conclusion ? 

Representative Hortrieip. The conclusion of the vote is a vote of 
4 to 1 in favor of inserting it in the record. It willbe inserted. 

The Chair may ask to have other nonscientifie statements put into 
the record at a later date, and if that request is made, we hope that 
the committee will also agree to the same principle. 

Proceed, Dr. Libby. 

Representative Corn. Well, Mr. Chairman, I do not want to belabor 
this point, but to make certain the extent to which the action we have 
just taken creates a precedent. It has been my understanding that in 
order for material to be inserted in the hearings requires a unanimous 
approval of the committee. 

Representative Horirierp. There has been no such action on that 
point by the committee. 

Representative Corn. I know.. Therefore, my request was a unani- 
mous consent request. If there is a single objection, my request will 
not be accepted. 

Senator AnpErson. Let me plead with Mr. Cole not to worry about 
that. I think when we get to considering it we may come to the con- 
clusion that these scientists are asked for an explanation of America’s 
point of view, it is proper for the President of the United States to 
outline what the point of view is. I think we can solve it without any 
difficulty. I think we would like to insert it in the record, and I cer- 
tainly would favor and not oppose it. I do not believe it is a precedent. 

Representative Horirterp. I have no personal feeling about the mat- 
ter. I am merely trying to conform to the rules which were decided 
upon in executive session, and my vote is still “no” until the rules are 
changed. 

Proceed, Dr. Libby. 

Dr. Lissy. Testing constitutes a small risk—very small compared 
to ordinary risks which can be tolerated. It is not contended that 
there is no risk. But all life, and every minute of our day and night, is 
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measured in terms of risk—40,000 highway deaths each year in this 
country, accidents in the home, et cetera. We make our choice: How 
much risk are we willing to take as payment for our pleasures—swim- 
min’: at the seashore, for example—our comfort, or our material prog- 
ress? Iiere our choice seems much clearer. Are we willing to take this 
very small and rigidly controlled risk, or would we prefer to run the 
risk of annihilation which might result if we surrendered the weapons 
which are so essential to our freedom and our actual survival ? 

Senator AnprErson. Right there, Dr. Libby, we have much to talk 
about, I would think. In your words: “Are we willing to take this 
very small risk?” 

Do you regard this a very small risk ? 

I am referring to the fact that Dr. Russell, who is the principal 
geneticist at Oak Ridge National Laboratory, was quoted in a Science 
Service news story as saying that: 

Offspring from a man exposed to such radiation will have their lives shortened 
on the average of 20 days for each unit of the radiation their father had 
received. 

We figured that out to about 22 years when we attain this maximum 
period. Then Dr. Russell revised his figures to mean from 5 to 35 
days, and at the lowest it would come to about 11 years. 

Would you think the shortening of life in offspring to the amount 
of 11 years was a very small risk? 

Dr. Lipsy. Did I understand you to say that the present fallout 
would shorten our lives 11 years? 

Senator AnpErson. No, you did not. 

Dr. Lizzy. Iam sorry, sir. 

Senator Anperson. I quoted Dr. Russell. I thought it would be 
better if I stayed with the scientists, and I quoted Dr. Russell, who is 
the principal geneticist at the Oak Ridge National Laboratory, who 
should be well known to you. 

Dr. Lippy. Yes, sir. 

Senator Anperson. I referred to a story put out by Science Service 
which Dr. Russell explained. I think it has to be taken in view of his 
explanation. I was very happy we had it, because it was most helpful. 

he story said: “Offspring from man exposed to such radiation”— 
and his radiation was neutron radiation from an atomic bomb. I had 
better read the first paragraph, Dr. Libby. 

Dr. Lissy. I do not know of this. 

Senator AnpDrrson. I recognize that, and I am sorry. I will be 
happy to send you the clipping. 

Neutron radiation from atomic bombs can shorten the life of a man’s children, 
Dr. W. L. Russeil, the principal geneticist at the Oak Ridge National Laboratory 
here has found. Offspring from a man exposed to such radiation will have their 
lives shortened on the average of 20 days for each unit of radiation their father 
has received. 

I do not know how much radiation he is going to have from an 
atomic bomb. I do not know how much he is going to have from 
atomic testing. I am not concerned about that, to try to measure 
it. But here is a scientist—and I am happy to have your assurance 
that all scientists are pretty well agreed on these essential facts— 
who believes it will shorten life. And when we discussed it the other 
day—I hopo I do not misquote Dr. Russell; I do not mean to—he ex- 
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plained the 20 days, and said perhaps a 5 to 35-day figure might be 
a much better figure. | 7 parhset 

But do you regard that shortening of life in succeeding generations 
asa very small risk? | 

Senator Hickmnioorer. Mr. Chairman, would the Senator yield to 
the Senator for a question before he answers the question ? : 

Senator Anperson. I recall the old radio show where the Baron 
said, “The Baron always asks the questions,” but I will yield. 

Senator HrcKENLooprr. I understand, but I would like to have the 
Baron answer the full question. 

It was my understanding of this testimony it was qualified by say- 
ing that a man who got the maximum dose would suffer, and the testi- 
mony seems to be replete with the fact that we are in no danger at the 
present time of coming anywhere near the maximum dose. 

Senator ANDERSON. I will be happy to read it. I read then, and 
I will read now from the news story which does not talk about maxt- 
mum doses, and says, “Neutron radiation from atomic bombs.” 

The question then came, If a man should get a maximum dose of, 
say, 400 roentgens, it would shorten life 10 or 20 years. But I tried 
to avoid that by pointing out he said it can shorten the life of a man’s 
children. 

If Dr. Libby questions that, then we can have Dr. Russell to defend 
himself at a later time. 

Do you believe that neutron radiation from atomic bombs can 
shorten the life of a man’s children? 

Dr. Lappy. I have nothing but respect for Dr. Russell. . I do not 
know the details of hisstudy. This is outside my field. 

I would point out to the Senator, though, that there are no neutrons 
in fallout radiation. I am not saying this to beg the question. I 
do not know whether Dr. Russell has studied the effects of fallout 
radiation but neutrons are emitted only instantaneously when the 
bomb is fired, so you do not get neutrons from fallout. 

Senator AnpEerson. Do I understand Dr. Russell was on the Sun- 
shine Project? 

Dr. Lappy. Surely, but I hesitate to comment on Dr. Russell’s state- 
ment, since I have not seen it, Senator. 

Senator ANperson. Very well. 

Dr. Lissy. I will be very pleased to answer your question for the 
record after reading the statement. 

Senator ANpERSON. I will skip the words “very small,” and come 
to the next. “Are we willing to take this very rigidly controlled risk.” 

Dr. Lassy. Yes. 

Senator Anprerson. How rigidly is this controlled? Do we have 
any control over Russia as of now ? 

Dr. Lipsy. Well, I was speaking more about our rigid controls, 
which are very rigid. 

Senator ANpERSON. But we are not the only people that are deposit- 
ing fission products in the atmosphere, are we, Doctor? Are sais 

Dr. Lissy. We certainly are not. 

Senator Anprrson. All right. If we are not, do we have any con- 
trol over what Russia does ? 

Dr. Lipsy. Obviously no. 

Senator Anperson. Do we have any control over the British? 

Dr. Lipsy. Obviously no. 
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Senator Anperson. And there may be a fifth or a sixth or a seventh 
country coming along. Do we anticipate we will have any control 
over them? ; 

Dr. Lippy; I would not comment about them, because I would not 
know. But the point is this, Senator: We do have control over our- 
selves, and the debate is whether we sto testing, is it not? 

Senator Anprrson. No, I do not danke so, at all. 

Dr. Lizsy. Well, part of it. 

Senator Anprerson. I think the debate is whether or not the world 
tries to bring this under some sort of control. 

Dr. Lissy. Which we are all for. 

Senator Anprrson. I was particularly attracted, if you do not mind 
my saying so, to the testimony given by Dr. Langham, in which he 
suggested a level of 10,000 megatons of fission products put into the 
atmosphere as a possible goal toward which all countries—— 

Dr. Lissy. You do not mean 10,000 megatons. 

Senator AnpErson. Ten megatons. Did I not say 10 megatons of 
fission products? Iamsorry. I meant 10 megatons yield equivalent 
of fission products put in the atmosphere. e have been putting it 
into the atmosphere at about the rate of 10 megatons a year, and he 
thinks that is about the maximum, and certain other scientists agree 
with him, and some of us are interested in trying to bring this situa- 
tion worldwide under control. 

Now, the language of your statement says: “this very small and 
rigidly controlled risk.” And I question the term “rigidly controlled 
risk,” because I realize it is like the term “clean bomb,” it makes good 
reading. Butitis not rigidly controlled, is it? | 

Dr. Lipsy. I had reference to our controls, sir, and they are rigid. 

Senator Anprrson. Well, I go on—“or would we prefer to run the 
risk of annihilation which might result if we surrendered the weapons 
which are so essential to our freedom and our actual survival.” 

Is that a suggestion that if we had control we would have to 
disarm ? 

Dr. Lipsy. It is my opinion, Senator, that this testing is an integral 
part of armament and cessation of testing is a part of disarmament. 
I think most people agree with that. 

Senator Anprerson. You say you want testing continued ? 

Dr. Lissy. I say, and what I did say, Senator, was that testing 
was an integral part of armament, and so stopping testing is a dis- 
armament move, and I think most people agree with that. 

Senator Anperson. And I understand you favor continuing testing ? 

Dr. Lispy. I am in favor of disarmament under proper controls, 
ety strongly, sir. : 

enator ANpERsoN. I again come back to your letter to Dr. Schweit- 
zer, in which you say: 

Of course, a workable, safeguarded system of international disarmament is a 
paramount objective of the United States Government, and one which we must 
work for and hope and pray will be achieved. 

Dr. Lipsy. Yes. 

Senator Anperson. If you are going to work for it, and hope and 
pray it would be achieved, an initial step certainly would be to stop 
testing, a step to disarmament ? | 

Dr. Lissy. The cessation of testing would be a disarmament move. 

Senator Anerson. And you are in favor of disarmament? 
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Dr. Lansy. In general, yes; under proper controls. 

Senator Anperson. Very well. 

Senator Hicxmnioorer. Mr. Chairman? 

Representative Horirrerp. Senator Hickenlooper. 

Senator Hicxentoorrr. May I ask, Dr. Libby, I take it that what 
you are saying is that you do not believe it is in any interest of our 
own future security if we stop testing alone and permit Russia to go on 
testing, and other nations in the world to go on testing. . Is that cor- 
rect ? | 

Dr. Lipsy. That is exactly correct, Senator. 

Senator Hicxentoorer. And you are thoroughly and completely in 
agreement with the disarmament which would include the stopping 
of testing if reliable controls were had, and reliable assurances by other 
nations that their testing would also be stopped, and the field of 
weapon experimentation would be eliminated ? 

Dr. Lissy. That is right, sir. 

Senator Hickentoorrr. I just wanted to get that straight here. 

Representative Horirieip. Proceed, Dr. Libby. 

Dr. Tansy. The cause for real concern is not the deleterious effect 
of radiation resulting from weapons tests, but rather what would be 
the effect of the infinitely greater amount of radiation which would 
result from the massive use of nuclear weapons in warfare. Here we 
would be dealing with excessive radiation, not to all the people of the 
world as has been suggested, but quite probably to large numbers of 
people residing in areas of substantial contamination. 

Senator Anprerson. Right there, Doctor, did the geneticists not seem 
to indicate yesterday that radiation spread around the world? What 
about these areas of substantial contamination, Doctor?. This is just 
narrowed down to a city or township near where it happened. , 

Dr. Lissy. I would again have to study their statement, and I am not 
a geneticist. It would seem to me there is no doubt there would be 
damage to very large numbers of people. Whether there may be re- 
mote corners of the world which would escape is a question I think we 
do not know the answer to, really. 

With regard to the people so overexposed 

Chairman Durnam. Dr. Libby, yesterday Dr. Glass, I believe, 
testified that in some 2,000 skeletons strontium 90 showed up in all of 
those in all parts of the world. : 

Dr. Lippy. Yes. 

Chairman Durnam. I mean, you do not doubt the fact that it falls 
out in some quantity around the world, do you? 

_ Dr. Lipsy. No, sir. The question is what the fatalities would be— 
in terms of an atomic war, nuclear war. 

Chairman Duruam. That is why I asked the question, because you 
are speaking to numbers here now, of course, in at least an act of war. 

Dr. Linsy. Right. . | 

Chairman Durnam. In your statement, “quite probably to large 
numbers of people residing in areas of substantial contamination”— 
what do you mean by large numbers ? 

Dr. Linsey. Well, Mr. Durham, what I wanted to bring out is what 
we call the cigars, that is, the areas of local fallout, which Mr. Holifield 
spent so much time working on in connection with civilian defense. 
We have been in these hearings talking about the other side of the coin, 
the worldwide fallout. In the local fallout pattern which you get that 
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looks like a cigar, perhaps 7,000 square miles in area as from the March 
1954 detonation, and so on. | 

We must not forget those things. On the one hand we have the 
subject of this hearing, which is worldwide fallout, and on the other 
hand we have the blanketing of the country with local fallout pattern. 
This is the distinction I had reference to. 

There is absolutely no doubt that the people in those areas of heavy 
local fallout would be seriously damaged unless they took care of them- 
selves, and looked to the problem ahead of them. There is absolutely 
no doubt. 

Now the question of worldwide fallout and how serious it will be 
from the genetic point Senator Anderson brought out, well, I do not 
think we know; and I think the geneticists would be the first to agree 
they are not absolutely certain in the magnitude of effect. We know 
the effects are not good. 

Chairman Duruam. You know the life of strontium 90, though? 

Dr. Lissy. Yes, sir. 

Chairman Duruam. You know, of course, the first contamination 
is not the end of it. 

Dr. Lipsy. Oh, no. There is no doubt there will be serious effects 
every place in the world if there were a nuclear war. 

Representative Horirretp. Proceed. 

Dr. Linsy. With regard to the people so overexposed there would 
be serious increases in the pathological effect of excess radiation, such 
as cancer and leukemia. ‘There would also be the genetic effect which 
would manifest itself in the children and the children’s children of 
such people. cod fri 

Let us consider the present situation. We can take our normal ex- 
perience with natural radiation as strictly limiting possible effects 
from the fallout—since natural radiation is so much larger. It is a 
queer fact of the present situation that we know far more about fallout 
dosage than about natural dosage. 

The Sunshine project is only beginning measurements on natural 
radiation, though, as you have seen, its amassed data and its under- 
standing of fallout makes it one of the most impressive scientific in- 
vestigations ever made: Somehow, even those who have known for 
years about the wide variation in natural dosages have been more con- 
cerned with the study of test fallout than of building materials, homes, 
public buildings, schoolrooms, et cetera. 

(Remarks prepared by Dr. Willard F. Libby, Commissioner, United 
States Atomic Energy Commission, follow :) 


NATURAL OCCURRENCE OF RADIOACTIVITIES AND RADIATION 


The radiation dosages that people receive from natural radioactivities and 
cosmic rays are of importance, for it is only from these dosages that limits on 
the deleterious effects of radiations received over long periods of time at low 
rates as in the case of radioactive fallout can be obtained. Studies of vital 
statistics for populations exposed to varying natural dosage levels offer hope for 
determination of human susceptibility to radiation effects both somatie and 
genetic. A brief summary report on this, published some time ago, is offered for 
the record. It was prepared with the thought of application to the fallout studies 
in mind: Dosages from Natural Radioactivity and Cosmic Rays, W. F. Libby, 
Science, 122, 57-58 (1955). (See p. 1459.) 

Other lengthier and more complete studies are listed: 

1. P. R. J. Burch and F, W. Spiers, Science 120, 719 (1954). 
2. P. R. J. Burch, Proc. Phys. Soc. Lond, A67, 421 (1954). 
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8. Bengt Hultqvist, Kungl. Svenska Vetenskapsakademiens Handlinger. Fjarde 
Serien. 6, No.3 (1956). 

4. Radiological Data in Japan, Government of Japan, Yoshio Hiyama. US ad = 7 
Scientific Committee on the Effects of Atomic Radiation, A/0.82/G/R.70, 
March 27, 1957. 

5. The Toxicity of Skeletal Irradiation at Naturally Occurring Radiation Levels, 
Robert A. Dudley, April 1, 1957. 

I would call attention particularly to the work of Hultqvist on building ma- 
terials in Sweden, particularly brick and light weight concrete containing alum 
shale. Measurements in this country indicate that our bricks may not differ 
appreciably. 


Natural dosage in middle of rooms in Swedish homes (mr/yr) (Hultqvist) 


Wood_._------=----------------------------------------------=--=-- 83+ 9 
Briek ee ee ee a eee ee apenas 143+22 
Concrete (light weight with alum shale) ----------------------------- 215+65 


We are beginning a survey on natural radiation dosages which should elucidate 
this and many other points. In the initial results we find that very appreciable 
variations from spot to spot occur just as would be expected on the basis of 
the occurrence of thorium, uranium, and potassium in various minerals. Inside 
a granite church in New York State the dosage was double that outside in the 
same vicinity. 

The close reader of the reports cited above will note a discrepancy in the mag- 
nitude of the cosmic ray dosages reported. This has its ultimate origin in a 
real discrepancy in the physical measurements as between Professors Millikan 
and Neher in California and Dr. J. Clay and his school in the Netherlands. I 
have chosen the Millikan-Neher result which seems to have been confirmed in 
the Japanese report submitted to the U. N. Committee a few weeks ago, whereas 
others have selected the Clay measurements which give dosages about 70 percent 
of those of Millikan-Neher. The altitude variations are the same in all studies 
within the error of measurement. 


We have only recently started measuring brick and arranging for 
widespread natural dosage studies, and most of what we know has 
come from studies abroad, part of which were through the United 
Nations Committee mentioned earlier. 

For example, in Sweden, Hultqvist has shown that homes of wood 
give an average dose in the center of their rooms of 80 to 90 milli- 
roentgens per year, while those of brick give 140, and those of light- 
weight concrete with alum shale, over 200. These numbers are to be 
compared with present United States fallout doses—and remember 
that the United States—I know there is an article in the morning paper 
that said something different—as far as we know is the highest in the 
world. The present United States dosage is 1 to 5 milliroentgen per 

ear. 

? Certain areas of India occupied by many thousands of people have 
natural dose rates—due to the thorium in the sand—several times our 
average of about 150 milliroentgens per year. An important article 
on natural dosage appeared in one of our own technical magazines 
afew daysago. Written by Prof. H. V. Neher, a colleague of Robert 
A. Millikan’s, it presents important early data gathered prior to any 
nuclear weapons tests. I would like to refer to the principal graph 
from Professor Neher’s paper. It is upon the stand over there. 

(The article including the graph referred to follows =) 
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[Reprinted from Science, vy. 125, May 31, 1957, pp. 1088-1089] 
GAMMA Rays FRoM LOCAL RADIOACTIVE, SOURCES 


| 

There is considerable interest at the present time concerning the possible effects 
of manmade radiations on man himself. Because one source of these radiations 
is of worldwide extent, the interest has also become worldwide. Although con- 
siderable literature now exists on the subject of manmade radioactive contamina- 
tion, on the one hand, and on the biological effects of radiation, on the other, the 
actual importance of the first as far as the second is concerned has often been 
obscure. It is thought desirable at this time to present some independent experi- 
mental data that will allow individuals to reach their own conclusions. 

As early as 1928, R. A. Millikan became interested in the gamma rays emitted 
by local radioactive materials in the soil and rock at various localities in order 
to determine the effect of these radiations on the cosmic-ray measurements in 
which he was primarily interested. These measurements extended from Cali- 
fornia into the Rocky Mountain area and on up to Churchill, Manitoba.’ They 
probably represent a unique series of measurements, since they were made before 
manmade contamination became widespread. 

Anionization chamber measures directly the quantity of interests as far as 
the biological effects of gamma rays are concerned, and this is the instrument here 
employed. One of the instruments Millikan made and calibrated is still in good 
condition after 26 years and is very convenient to use. A recent redetermination 
of the absolute value of the calibration’ agrees with Millikan’s value to 0.3 
percent. In this survey, Millikan’s instrument has been used for some of the 
measurements, and a more modern ionization chamber * for others. The two-give 
essentially the same answer. Both were used unshielded in the measurements 
reported here. 

1R, A. Millikan, Phys. Rev. 37, 242 (1931). 


2 A.B. Johnston, thesis, California Institute of Technology (1956). 
®H. V. Neher, Rev. Sci. Instr. 24, 99 (1953). 
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In figure 1, most of the values taken during the years have been entered. 
The ordinates are in milliroentgens (mr.) per year. To convert into ion pairs 
per cubic centimeter, per second in 1 atmosphere of air, divide the ordinate by 
15. The various stations are plotted as abscices with the same increment from 
one to the other. Roughly, the stations get farther from Pasadena with increase 
in abscience. The chief reason for plotting in this manner was to bring out the 
variability of radioactivity from one station and region to another. 

Measurements were made of the total radiation at a given station; then the 
known contribution from cosmic rays* was subtracted to get the effect of the 
gamma rays from local radiation only. 

In the Rocky Mountain region, the local radiation is high, presumably be- 
cause of the granite, which is known to contain something like 4 g. of uranium 
and 15 g. of thorium per ton.’ In Peru, the radioactivity of the coastal plain 
is much the same as that of the Mississippi region near New Orleans. The local 
radiation at an elevation of 15,000 feet in southern Peru is only slightly higher 
than that of the soils of the coastal plain. Most of the houses of Arequipa are 
built of a light rock called tuva which is of volcanic origin. This rock is 3 or 4 
times as radioactive as the soil near Lima. 

There is considerable variability of local radiation in some cases over small 
distances. According to Millikan,* the gamma rays on the Laurentian Shield 
near Churchill, Manitoba, give 0.8 ion cm~ sec”? atm™ of air, or 12 mr yr’, 
while nearby the intensity on the glacial sand is 35 mr yr. It may be of interest 
that the radioactivity on the icecap near Thule, Greenland, in August 1956 was 
less than 2 percent of cosmic rays. | 

A wooden building forms some shielding from local gamma rays. In my own 
house, the gamma rays on the first floor give 60 mr yr~’, while in the back yard 
the intensity is 95 mr yr—’. The rather high value of 130 mr yr— on the 23d 
floor of a major hotel in New York is presumably owing to the material from 
which the building is constructed. 

The root mean square “noise” level of the total radiation given in figure 1 is 
about 160 mr yr—. To find the effect on the population, the local radiation must 
be weighted according to the population. This has not ben done. Perhaps it is 
fortunate that most of the population of the country lives where the radiations 
due to cosmic rays and local radiations are relatively low. 

The dashed line near the bottom of figure 1 is taken from the summary reports 
on the Biological Effects of Atomic Radiation of the National Academy of Sci- 
ences.7. Even though there is some error in the determination of this value, 
as well as considerable variation of fallout over the country, it is quite evident 
that manmade contamination is still small compared with the changes in ra- 
diation from one part of the country to another. 

The data presented here are for gamma rays only, since the walls of the 
ionization chamber are too thick for beta rays to penetrate, either from naturally 
occurring or artificially produced radioactive materials. 

H. V. NEHER, 
Norman Bridge Laboratory of Physics, 
California Institute of Technology, Pasadena. 


The upper curve is the total dosage in milliroentgens per year. The 
first four points are various locations in Pasadena, Calif., in the years 
1932, 1956, 1957. The lower curve is just that part of the dosage which 
is due to gamma rays. That is due to the radioactivity in the rocks. 
The difference between the two curves is the cosmic rays. 

And as he goes to various places over the country, and over the 
world, you will notice that the very widest variation in these natural 
dosage rates. ; 

In many cases the variation is due to the cosmic rays; in other cases 
it is due to change in the composition of the rocks. 


«I. S. Bowen, R. A. Millikan, H. V. Naker, Phys. Rev. 46, 641 (1934). 
= onl. Bee. mineines Genlegy hak, New York, 1954). 
. A. Millikan, unpublished results. ; 
™Summary Report ‘of the Committee on the Genetic Effects of Atomic Radiation, in 
aN let Effects of Atomic Radiation (National Academy of Sciences, Washington, D. C., 
56). 
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This presents the total dosage due to cosmic radiation and radiation 
from the ground and general surroundings but does not include the 
91 milliroentgens per year from our own bodies, so to calculate the 
ee exposure under the various conditions described, we should add 
this in. 

Of course, houses shield from the ground radiation although not ap- 

reciably from cosmic rays—so that they are a diminishing effect. 
Msteastc Neher remarks that in his own house in Pasadena, the gam- 
ma rays on the first floor give 60 milliroentgens per year while in the 
backyard the intensity is 95 milliroentgens per year—just to give you 
a feeling for the effect of being inside as compared to outside. 

Well, these dosages are all very large as compared to the 1 to 5 
milliroentgens per year which we receive here in the United States 
from fallout, and we must put our experience from fallout in this 
context. 

Now certainly our experience with these much larger normal doses 
shows us that the effects due to fallout radiation are relatively small. 

The fallout facts are pretty well known and agreed. On the other 
hand, small as the effects are, they most likely do exist and the critical 
and essential question is, Are they tolerable? 

This question, however, calls for a political or sociological—rather 
than a scientific—judgment, and I think it is important that this 
distinction be made. 

Chairman Durnam. Mr. Chairman? 

Representative Hormrretp. Chairman Durham. 

Chairman Durwam. In the previous years’ study up until 1945, 
there was no such thing as strontium 90? 

Dr. Lassy. There certainly was not, Mr. Durham, at all. There was 
no strontium 90. These data are important because they are before 
any contamination from weapons at all, you see. This radiation is 
still there, but it may be a little more difficult to be sure about it. 

I should point out on that graph—you see that line that is right 
down near zero, that is the test fallout line. 

Chairman Durnam. Of course, that was made by a higher authority 
than man, the natural radiation. 

Dr. Lappy. That is right. 

Chairman Durwam. And since then, of course, we are adding to it 
by putting strontium 90 into the air streams. 

Representative Hotrrieitp. Dr. Libby— 

Dr. Lissy. I want to make sure, Mr. Holifield, this graph is clear 
to everyone. This top line is the total. If you take a counter and 
measure these various places, that is what is there. This part [indicat- 
ing] of it is from the rocks. The difference is the cosmic rays, and 
this [indicating] is the way it varies. 

If you go to Pikes Peak, Colorado Springs, and so on, this is the 
way it varies. 

Here is the test fallout down here, this dotted line. The smallness 
does not mean that test fallout is not important, that itis not a risk 
and a hazard, but it does mean that the test fallout is a relatively 
small hazard. 

The first point is, since we have been living on this earth so long, 
we have some practical experience where commonsense can take hold, 
and we can say there is some limit just by the fact that we have not 
noticed these big things in our normal experience—there is some limit 
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to the ty effects from test fallout, and that is the only point I wanted 
to make. 

Representative Horirretp. Dr. Libby, to make the picture complete, 
is it not true that there is a very important difference in the bomb 
fallout which is not contained in either the cosmic rays or in the 
natural radiation, and that is the factor of strontium 90? 

Dr. Lissy. Yes, sir. 

Representative Hottrretp. Which gets into the bones of people? 

Dr. Linpy. Yes, sir. 

Representative Hotminip. Where cosmic rays and natural radiation 
do not have that particular residual effect in the bones of people. So 
we have got another factor and, therefore , your analogy there must 
take into consideration also this new factor of strontium 90 that we 
must consider. 

Dr. Lissy. There is a great deal of truth in what you have said, Mr. 
Chairman. To comment on your statement requires a small technical 
remark, 

Biological 

Representative Hoxnirietp. Why did not you make that statement 
first, Dr. Libby 

Dr. Lispy. I wanted to—— 

Representative Hortrietp (continuing). Instead of making a 
statement which was susceptible again to a benign interpretation ? 

Dr. Lipsy. I want to tell you that the statement I have just finished 
making is true. 

Representative Hoxirietp. I know it is. Most of your statements 
are true, sir. But the point is this: That when once you have made 
those true statements, they are susceptible of misinterpretation, and if 
you follow up with a complete truth, it might give a more balanced 
effect in the layman’s mind. 

Dr. Lipsy. Let me do that. I think it will only take a couple of 
minutes. I will try to make it short. 

A milliroentgen is an amount of energy absorbed by a unit amount 
of tissue. Now, depending on the kind of radiation the biological 
effect varies. The biological effect from 1 milliroentgen will be differ- 
ent for 1 kind of radiation as compared to another. This is called the 
relative biological effectiveness. 

While it is true that we have never had strontium 90 before, we have 
had radiations which have essentially the same relative biological 
effectiveness, and have always had them, and those are the cosmic rays. 

The cosmic rays, milliroentgen per milliroentgen, are within a small 
error the same as strontium 90, milliroentgen per milliroentgen, This 
is not true, Mr. Holifield, for gamma rays from rocks, but for the cos- 
mic rays which make up a good fraction of the total natural exposure, 
they are just as damaging to the bone milliroentgen per milliroentgen 
as strontium 90, 

Representative Horrrretp. Do they reside in the bone and of them- 
selves make emissions, such as strontium 90? 

Dr. Lissy. No, no; but that is not necessary, you see. It is not the 
presence of strontium 90 in the bone that is damaging. You ordi- 
narily have ordinary strontium in the bone. The bad thing about 
strontium 90 in your bones is that it emits radiation, 

Representative Houtrretp. That is right. 
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Dr. Lissy. So the cosmic rays in passing through the bone, as they 
do through all of your body, deposit in the bones energy which is in 
excess of the energy deposited by the present burden of strontium 90. 

What I am telling you, Mr. Chairman, is that you can compare these 
two kinds of milliroentgens. You can say that if the milliroentgens 
from cosmic rays are large as compared to those from strontium 90, 
then the bone cancers and leukemias, and all the other things that may 
be caused by strontium 90 should follow even more from the cosmic 
rays. That is what I am saying. 

In other words, the gamma rays you cannot compare, but the cosmic 
rays you can. 

So when I went to the chart and said that about test fallout, I was 
telling you the truth in the sense that a good part of that total radia- 
tion is cosmic rays. . 

Representative Coir. Mr. Chairman? 

Representative Hotrrietp. Mr. Cole. 

Representative Conn. I was going to ask Dr. Libby to explain that 
point on the chart which indicates that the local gamma radiation is 
almost identical with the radiation resulting from the fallout from the 
tesis. 

Dr. Lissy. It is described in Dr. Neher’s article. It is a local con- 
dition, but he does describe it. . 

I am sorry. He does not give a detailed description. I can give 
you a general answer, Mr. Cole. 

Representative Corr. That will be good enough. 

Dr. Lissy. I am sorry but these effects are complicated, the way 
thorium and uranium occur. You see that low point is due to the fact 
that the uranium and thorium are missing there. Uranium and thori- 
um occur every place—in all granite rock, for example. That is why 
you seldom can get away from it, unless you are living on a sand, or 
a formation which has through the accidents of geology had the urani- 
um and thorium washed out of it. So in order to tell you why that 
point is low I would have to consider the local geology very carefully. 

Representative Cotz. Do you know the locality of the point? 

Dr. Lissy. It is on the Laurentian Shield in Canada. But the exact 
locality is not specified. However, the reference to the article is given, 
and we could look it up for you. 

Representative Corn. Thank you. , 

Representative Horirienp. Are there further questions, now? 

Senator Anperson. Doctor, I want to come back to this question 
of clean weapons which has concerned me quite a bit, and to the article 
in the U. S. News where they asked you that question. 

One question was: | 

Dr. Libby, at one time the Commission announced they were developing a 


clean bomb, and then many scientists argued with you and criticized and even 
ridiculed the statement of the Commission. How do you account for that? 


Your answer was: 

Well, in most instances, they were not privileged to know what it was. 
Then the question: 

They did not know what they were talking about, possibly? 

You said: . 


I did not quite say that, but they were not apparently mamiliar with all of the 
details of it. 
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In your speech you referred to a clean weapon. Do you still feel 
we have a clean weapon ? 

Dr. Lipsy. Well, sir, I think we all know what the facts are. It 
is a question of how you describe the situation. We certainly have 
succeeded in cleaning them up to a great degree. 

If you call cleaner “clean,” maybe you are telling a small fib. But 
we certainly have a cleaner weapon, as you know. 

Now, the question of the adjective which is applied to that, all I 
can say is that perhaps we have used the wrong adjective, and perhaps _ 
we should say “cleaner.” | | 

Senator Anprrson. It is very important, because headlines all 
around proclaimed this clean bomb. 

You said: 


We have taken the problems of radioactive fallout into consideration— 
and this is on fallout, and this is why I bring it up— 


in our weapons development program and have developed and tested clean 
weapons, that is, weapons in which the amount of radioactive fallout per megaton 
of explosive is very greatly reduced. 

Dr. Lissy. Yes. 

Senator Anprerson. If I took a little of this coffee I have here, and 
poured it in that glass, it is dirty (pouring coffee into glass). Then, 
1f I pour a little bit over there (pouring coffee in another glass), that 
is clean because the amount of dirt, to use your language, is very 
greatly. reduced. ) 

Would that be a fair statement? You cannot get a better example 
of what happened. 

Dr. Lissy. I think we know what the situation is. We have very 
greatly reduced the fallout per megaton of yield, and that is imporant. 

Senator Anpverson. I am only trying to say that a lot of our people 
have been reassured on this question by this so-called clean weapon, 
_ and it is still a dirty weapon. We have also learned how to make our 
weapons even dirtier than they originally were. 

I think it is dangerous to use terms like “uniformity” when we mean 
“nonuniformity,” and “clean” when we still mean “dirty.” 

Dr. Lassy. I think our responsibility, Senator, is to tell the truth 
as best we can. I think that we must stay as close to it as we can. 
We are all clumsy in the use of language, and I am one of the worst. 
We may have chosen not exactly the right adjective, but I think we 
have explained it enough now so people know what it means. _ 

Senator Anprrson. I hope so, because I have seen many headlines 
talking about clean weapons. And knowing you and respecting you 
as I do, I know you would be the last one to want to mislead. I just 
hope no one will think there is no fallout damage when it comes to 
the use of weapons in atomic warfare, because it will come. 

That is all. . 

Representative Horirtetp. Are there any further questions? — 

Representative Corn. Mr. Chairman, before releasing Dr. Libby, 
I would like to express my own compliment to him for the very fine 
presentation he has given to the committee this morning. 

So far as time will allow, they have been complete answers, un- 
equivocal so far as possible, sound, and dispassionate, and I think he 
has rendered a great help to the committee, and his work on the prob- 
lems of fallout hazards has been most beneficial. 
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Representative Hortrretp. Dr. Libby, we will excuse you at this 


time, but we hope that you are able to be present for the general 


conference this afternoon at the conclusion of the testimony. 

Dr. Lissy. Mr. Chairman, the Commission meets at a quarter to 
three, and I will try my best to get back here at 4 o’clock. I under- 
stand it is at 4 you are having your meeting. 

Representative Horirietp. We are reconvening at 2 o’clock in this 
room, and we will continue with our witnesses until they are through, 
and then we will have the conference. I am not sure just when it 
will be. 

Dr. Lappy. I will come back as soon as I can, Mr. Chairman. 

Representative Horirretp. Thank you, Dr. Libby. 

The committee will be in recess until 2 o’clock. 

(NotEeE.—Several articles and statements by Dr. Libby have been printed as 
appendix 1, p. 1459. An article entitled “Radioactivity in Man and His Environ- 
ment,” by Dr. F. W. Spiers, appears in appendix 2, p. 1671.) 

p Ae paper entitled “Radiation Dose to Man From Natural Sources,” 
ollows:) 


RADIATION DosE TO MAN FROM NATURAL SOURCES 


Robert A. Dudley * and Robley D. Evans,? Department of Physics, Massachusetts 
Institute of Technology, Cambridge 39, Mass. 


I. INTRODUCTION 


Man has always been exposed to high-energy radiation from cosmic rays 
and naturally occurring radioactive substances in his body and in his environ- 
ment. Twentieth century society has brought about an increase in his ex- 
posure to such types of radiation, from such sources as commercial radium 
preparations, medical X-ray machines, and fallout. This increase has focused 
attention on the deleterious medical effects of high-energy radiation. Since the 
effects of this additional radiation on man are very difficult to determine when 
the effects are small, several methods of predicting them have been attempted. 
One of these has been to compare the magnitude of the artificial radiation with 
the magnitude of the natural radiation to which man has always been exposed. 


The types of radiation associated with cosmic rays and natural radioisotopes » 


include « rays, 8 rays, mesons, and y rays. The first two are important only 
when their source is deposited within the body; the second two are important 
only for sources external to the body. These natural radiations are very simi- 
lar in their biological effects to the § and y rays of artificial sources, although 
quantitative differences, considered later, do exist between « rays and the others. 

The organs of the body receive different exposures, depending chiefly on the 
degree to which various radioisotopes concentrate in them through either physi- 
cal or chemical processes. ‘Thus the skeleton is exposed to radioisotopes chemi- 
cally similar to calcium. The intestines are exposed to all radioisotopes which 
enter the stomach, even if the element is insoluble and is not absorbed into the 
bloodstream. The lungs are exposed to radioactive dust retained from in- 
haled air. All organs are exposed to cosmic rays and y rays from the 
environment. 


2Oberlin College, 1943-45; University of Pennsylvania, 1945-46 (B. A., physics); 
Massachusetts Institute of Technology, 1946-51 (Ph. D., physics) ; Fulbright student, 
British Medical Research Council, radiotherapeutic research unit, Hammersmith Hospital, 
London (1953-55); lieutenant USNR, attached to Division of Biology and Medicine, 
United States Atomic Energy Commission (1953-55); consultant to Egyptian Atomic 
Energy Commission, Cafro, Egypt (1955-56) ; research associate, department of physics, 
Massachusetts Institute of Technology (1956— ). Professional research experience: 
Use of radioactivity as a tool in various applications, particularly biological research ; 
evaluation of Sr® fallout problem while attached to United States Atomic Energy Com- 
mission; study of radiation dose to humans from natural and artificial sources. (Sub- 
mitted by witness.) 

2B. S. in physics, 1928, California Institute of Technology, Pasadena, Calif.; M. S. in 
physics, 1929, California Institute of Technology, Pasadena, Calif. ; Ph. D. in physics, 1932, 
California Institute of Technology, Pasadena, Calif.; National Research Council fellow 
in physics, 1932-34, University of California, Berkeley, Calif. 1934 to present, physics 
department, Massachusetts Institute of Technology, Cambridge, Mass. ; Assistant professor, 
Faas A. associate professor, 1938-45; professor, 1945 to present. (Submitted by 
witness. 
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On account of the many types of radiation and the many processes for deposi- 
tion of radioisotopes in different organs, the general subject of the natural irradi- 
ation of man has many facets. The present study is confined to the natural 
radiation dose received by the skeleton and the gonads, these being the two organs 
of greatest interest in the case of fallout. 

Many previous investigations can be drawn upon for pertinent data. In par- 
ticular, reference may be made to the review articles of Libby,” Lowder and 
Solon,’ Hultqvist,? and Spiers.‘ Although past studies by no means close the 
subject, reliable quantitative estimates of dose from the several important sources 
may now be given. 


II. NATURAL IRRADIATION OF THE SKELETON 


A. Radiation originating within the body 

There are four natural isotopes which with their descendants contribute 
skeletal doses of comparable importance: potassium 40 (K-40), radium 226 
(Ra-226), mesothorium (MsTh, or Ra-228), and radium D (RaD or Pb-210). 
In addition to these, there are many others (e. g., uranium, thorium, carbon 14) 
which are of negligible importance by comparison. The four important isotopes 
will be considered in turn. 

K-40 emits B rays of 0.6 Mev. average energy and at a rate equivalent to 
8.4xX10-4* microcuries per gram of element K. Its y radiation is of negligible 
importance compared with its B radiation in the case of K deposited in the 
skeleton. The abundance of K in adult bone is about 0.09 percent on a wet- 
weight basis.° From these data the dose rate to the skeleton may be calculated 
as about 8 mrad/year, where by definition 1 mrad=10-3 rad=0.1 erg absorbed 
per gram of bone. Since the element potassium has a definite physiological role, 
it is controlled by the homeostatic processes of the body and is therefore ex- 
pected to be found in the skeletons of all individuals in nearly equal concentration. 


TABLE 1 
Description of samples Equivalent RA content 
in bone ash 
Investigator 
Number Age Origin Mean Standard 
deviation 
Microcuries|Microcuries 
Years per gram per gram 
Hursh and Gates 12... 21 33-85 | Mostly New York State........-- 5 x 10-14 2x 10-1 
5 {Stillborn | New. York State_-...._..-.--_--_- 3.6 4a 
Palmer and Queen 2... 50 32-93.| United States, mostly Pacific 1.6 1.0 
Northwest. 
mutrdber ait oe! 14 27-14..14 Gernmany 2) 22s. ee 13 7 
Stehney and Lucas 5__. 8 1-207 IFO hicdool tt see ee ee Se ee 1,2 1.2 
8 16-38) 4,.ockport,lilet sac. cb eeece 12 5 
30 Atel ed OUGtsdLD Se eee | eee Se eee 6 (*) 





1 Hursh and Gates, Nucleonics 7, No. 1, 46 (1950). 

2 Hursh, Brit. J. Radiol., Suppl. No. 7, 45 (1957). 

3 Palmer and Queen, H W-31242 (July 6, 1956). 

4 Muth et al., Brit. J. Radiol., Suppl. No. 7, 54 (1957). { 
| 6 Stehney and Lucas, International Conference on the Peaceful Uses of Atomic Energy, A/Conf. 8/1/852, 
: U.S. A. June 23, 1955). 
: 6 Variation depending on length of residence in Joliet. 





Na-226, the familiar Ra isotope, decays to the noble gas Rn by alpha emission. 
Rn itself is radioactive, decaying with a 3.8-day half life by alpha emission. 
Subsequent descendants emit alpha, beta, and gamma rays, of which only the 
: alpha rays are important dose contributors. Po-210, the last of the three Rn 
descendants which emit alpha rays, is of minor importance in this sequence, 

as its formation is long delayed by the intervening RaD isotope. 


1 Libby, Science 122, 57 (1955). 

2 Lowder and Solon, NYO-4710 (July 1956). 

3’ Hultqvist, Kungl. Svenska Vetenskapsakademiens Handlingar. Fjarde Serien 6, No. 8 
(1956). 

Spiers, Brit. J. Radiol. 29, 409 (1956). atapsy 

5>Tipton et al. ORNL CF 56-38-60 (March 12, 1956), and personal communication 
(March 1957). 


1238 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Ra is found in the skeleton as an unessential trace element by virtue of its 
chemical similarity to Ca. Its most important source is solid food, although 
in some areas its abundance in drinking water exceeds its abundance in food. 
Many measurements of Ra concentration in human bone are available. The 
important published measurements are summarized in table 1. From these 
results a mean of about 4X10-“ microcuries per gram in chosen (the higher 
values being given less weight since they represent, in part, a study of a selected 
high region). Variations about this mean by a factor of 3 to 5 are found, de- 
pending on local conditions. The extremes of skeletal Ra concentration, as set 
by geography and other variables, cannot be accurately specified; however, it 
is unlikely that large population groups exist at concentrations differing from 
this mean by more than a factor of 10. 

The magnitude of the radiation dose delivered to the skeleton by Ra and its 
descendants is influenced by the migration of the noble gas Rn out of the bone 
and its subsequent exhalation from the body. No data are available on percent- 
age Rn retention from natural skeletal burdens of Ra, but at artificially elevated 
burdens the retention is about 25 to 50 percent. Presumably the natural situation 
is in this respect very similar. Taking the lower figure, one computes an average 
energy of about 11 Mev. dissipated within the body for each Ra disintegration. 
The mean skeletal dose rate is then found to be about 3 mrad/year attributable 
to Ra-226 (and its descendants produced within the body). 

MsTh, a Ra isotope occurring in the radioactive series associated with Th, 
is itself a beta emitter of 6.7-year half life. However, it gives rise to Several 
descendants which emit alpha as well as beta and gamma rays. While some 
of these descendants have such half lives or chemical properties that a possibility 
exists for migration out of the bone, it seems probable from animal experiments 
that, in fact, little such migration occurs. 

MsTh has not yet been sought with sufficient thoroughness to provide good ex- 
perimental data on its natural concentration in the skeleton. However, since it is 
an isotope of Ra-226, the dose attributable to it and its descendants may be 
reasonably accurately estimated from our knowledge of the Ra-—226 situation. 
The activity of MsTh and Ra-226 in soil and water is on the average nearly 
equal. Therefore the MsTh/Ra ratio activity in newly formed bone will be nearly 
unity, while in older bone the ratio will be lower as a result of the shorter MsTh 
half life. Assuming nearly all the MsTh decay products remain in the bone, the 
energy ultimately delivered to the bone subsequent to each MsTh disintegration 
is about 30 Mev. Therefore MsTh gives a dose almost 3 times greater than an 
equal activity of Ra-226. In children the MsTh dose is expected to be about twice 
the Ra dose while in adults it will fall below the Ra dose. Averaged over the 
individual’s life, MsTh (with its descendants) is expected to produce approxi- 
mately the same skeletal dose as Ra—226, or about 8 mrad/year. This value is 
probably subject to approximately the same variations with geography as is Ra. 

RaD is a member of the Ra series, decaying by beta emission with a 22-year half 
life. Its daughter, Rab, is a 5-day half life beta emitter, and its granddaughter, 
RaF (Po-210), is a 140-day half life alpha emitter. Only rough estimates of the 
RaDEF dose to normal bone can as yet be given. It is clear that RaD descended 
from Ra in the bone will accumulate with time, but in a quantity which is unim- 
portant compared with the other members of the Ra series. In addition to the 
RaD generated from Ra in the bone, however, there is now good reason to expect 
a greater quantity deposited from food and water. These expectations are based 
on experimental measurements of stable Pb in the skeleton, from which calcula- 
tions can be made for RaD. Preliminary unpublished measurements have been 
made of RaDEF in bones at the University of Rochester.* These measurements 
and calculations indicate that the dose from RaDEF is of the same order of 
magnitude as the dose from Ra, and it is tentatively assigned an average value 
of 3 mrad/year. More precise measurements will soon be available from several 
laboratories. 

It is known that in the production of biological damage, the effectiveness of 
alpha rays, per unit of energy dissipated, is different from the effectiveness of 
beta rays, gamma rays, and mesons. This relative biological effectiveness (RBE) 
of alpha rays relative to the other radiations varies with the effect under con- 
sideration. In evaluating the toxicity of low dose rates to the skeleton, probably 


¢ Black, Personal Communication (May 1957). 
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the most pertinent effect to consider is the production of bone tumors. Mouse 
experiments at Argonne National Laboratory on bone tumor production by beta 
rays (Sr-90) and alpha rays (Ra-226) suggest that the alpha ray RBH is 
about 4." This number is here adopted, with recognition that at lower dose 
levels in humans the correct value could differ either way by as much as a factor 
of 2 to 4. A better estimate will be available from’ the dog experiments now in 
progress at several laboratories in the United States. 


B. Radiation originating external to the body 


Cosmic radiation at the earth’s surface is composed mainly of mesons, gamma 
rays, and energetic electrons produced from the primary cosmic rays high in the 
atmosphere. The magnitude of the cosmic ray dose increases both with increas- 
ing altitude and with increasing geomagnetic latitude. The determination of 
this magnitude has been the subject of several series of observations. While 
the results are not all in close agreement, the discrepancy is not serious with 
respect to the accuracy here required. Taking the dose rate at sea level and 
high geomagnetic latitudes as given by Burch’s review,* and the dependence of 
dose on altitude and latitude as given by A. H. Compton,’ the skeletal dose rates 
of table 2 may be calculated. Using other data, slightly higher values are 
obtained. 








TABLE 2 
; Geomagnetic latitude 
Altitude 
0° 80° 50° 
Oveste ce ourencese Tete} ahrin nts sore 23 mrad per year..| 24 mrad per year..| 26 mrad per year. 
G0 OO bemaeee eae stares Une VANE SE 37 mrad per year..| 39 mrad per year..| 46 mrad per year. 
ee CGRa sewn: 228 bere Se el oe 76 mrad per year_.| 83 mrad per year..| 100 mrad per year. 


There are three important sets of naturally occurring y-emitting isotopes. in 
man’s environment: the uranium 238 (U-238) series, the thorium 232 (Th—232) 
series, and K-40. In the case of a man standing on flat ground, the contribution 
of skeletal dose from each series may be quite accurately calculated when its 
concentration in the ground is known. Furthermore, direct measurements have 
been made of the combined external y dose and cosmic ray dose at several 
points.*® ‘7° 

The concentration of the radioactive elements in ground is quite variable, 
tending to be highest in igneous rock (e. g., granite), and lowest in sedimentary 
rock (e. g., limestone) which is the more common at the earth’s surface. Typical 
geochemical data™ yield the skeletal dose rates attributable to each radioactive 
series as shown in table 3. (In this table, a factor of 0.7 has been applied to 
surface dose rate to give skeletal dose rate, thereby allowing approximately for 
shielding of one part of the body by another.) Considerable variation is found 
for the concentration of each series in such rock, but to some extent these varia- 
tions in individual series cancel out. Some rocks (e. g., dunite) yield less than 
1 mrad/year, while others (e. g., U or Th ores) give several thousand mrad/year. 
An example of the latter situation is found in the monazite sand region of south 
India, where about 100,000 people live in areas where the skeletal dose rate from 
Th and U in the ground is several hundred mrad/year.* However, these ex- 
treme conditions are surprisingly rare, and it may be assumed that only a very 
small fraction of the world’s population is exposed from the ground to dose rates 
more than a factor of 2 outside the range shown in table 3. 





( * Hultqvist, Kungi. Svenska Vetenskapsakademiens Handlingar. Fjarde Serien 6, No. 8 
1956). 
‘Spiers, Brit. J. Radiol. 29, 409 (1956). 
™ Marinelli, Personal Communication (December 1956). 
® Burch, Proc. Phys. Soc. London A67, 421 (1954). 
-* Compton, Phys. Rev. 48, 387 (1933). 
10 Evans and Raitt, Phys. Rev. 48, 171 (1935). 
% Rankama and Sahama, Geochemistry (University of Chicago Press, Chicago, Tl., 1950). 
122 Bharatwal and Vaze, Report to United Nations environmental radiation committee 
numbered A/AC.82/G/R.83 (October 19, 1956). 
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TABLE 3.—NSkeletal dose rate in radioactive series 





Rock U Th KK Total 
Jeneonss#. Gece ee 17 mrad per year-.| 22 mrad per year._| 27 mrad per year__| 66 mrad per year. 
Sandstone..........-..- 5 mrad per year...| 12 mrad per year-.| 11 mrad per year._| 28 mrad per year. 
Shaletek ee ee 5 mrad per year_._| 20 mrad per year._| 28 mrad per year_._| 53 mrad per year. 
Himestonerees i225 2 6 mrad per year-..} 21 mrad per year-.| 3 mrad per year-..| 30 mrad per year. 


In buildings the dose rate from local gamma emitters will be somewhat altered 
from its value outdoors. In framehouses a slight reduction is expected, but by 
only a small factor since thin wood walls do not provide effective shielding. 
In houses built of brick or stone, shielding will be appreciable. However, the 
radioactivity in these materials (if of the same composition as the ground) will 
more than compensate for the shielding, and from purely geometrical considera- 
tions the dose rate inside will be approximately double that outside. 


C. Summary of natural skeletal irradiation 


The several components of skeletal dose rate previously listed are collected 
together in table 4. The unit now used is the mrem/year, where 


mrems=mradsXR. B. E. 


Dose in mrems is thus equal to dose in mrads, except for « radiation where the 
R. B. H. is taken as 4. The values in table 4 are rough averages, and considerable 
variations in individual components are found for different population groups. 
However, these variations partially cancel, such that only a very small fraction 
of the world’s population is expected to differ from the mean total exposure by as 
much as a factor of 3. 

For comparative purposes, the following artificial dose rates may be consid- 
ered: A fallout Sr-90 body burden of one one-thousandths the industrial maxi- 
mum permissible concentration (roughly the present average in newly formed 
bone) corresponds to about 3 mrem per year. The external gamma radiation 
from fallout is of the order of 5 mrem/year at present.” Medical X-ray dose 
rates to the skeleton vary from zero in backward areas to roughly the same 
magnitude as total natural dose rate in medically advanced societies.“ 


Skeletal 

TABLE 4 dose rate 
Source of radiation: (mrem/year) 
“KAo(internaljes2! Sec_saiasis 3 a), lous pisont. sf deel o lee we gtr 8 
Rar226 (internal) iu S018 Avesaes oo it OE dative of agitate cae eek 12 
MsThs:( internal pide set cise eeiet sob ieiniose ei binly © ebay ieekdem 12 
HaD iCinternal) 20 Su toric) » cules pins wis. sige) ois gece 12 
Costnie Fays fextemal). 25500 oi oho th ighnie aig 08 iatrg sede aes 30 
Local'gamma rays (external) 2.00 lb ceee ee a J te ait malt 60 
Potaluz. (sien UAL Beer oom ep lets pols aie dane sd etter) sek 134 


ItI. NATURAL IRRADIATION OF THE GONADS 


The only important internally deposited natural radioisotope in the gonad is 
believed to be K-40. Since it is an essential element having a definite physiolog- 
ical function, potassium in the gonads will be found at closely similar concen- 
trations in all individuals, The mean value is approximately 0.2 percent,‘ 
giving a dose rate of about 18 mrads (or mrem) per year. 

The gonads are exposed to the same external irradiation from cosmic rays and 
environmental gamma rays as is the skeleton, and the dose rates will be essen- 
tially identical. 

The total mean natural dose rate to the gonads is therefore about 110 
mrem/year, with variations from 1 region to another as associated with varia- 
tions in cosmic rays and environmental gamma rays. These natural dose rates 
may be compared with the dose rates from fallout gamma radiation and medical 
X-rays as given above for the skeleton. 


13 Libby, W. F., speech to American Physical Society, Washington, D. €. (April 26, 1957). 
4 National Academy of Sciences, The Biological Effects of Atomic Radiation, a report 
to the public, Washington, D, C. (1956). 
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(Whereupon, at 1:10 p. m., the committee recessed, to reconvene at 
2p. m., of the same day.) 


AFTERNOON SESSION| 


Representative Hoxrirtevp. The committee will come to order. 

Our first witness this afternoon is Dr. Ralph Lapp, a well-known 
physicist and author of books on radiation and related subjects. Dr. 

app, we are pleased to have you before us this afternoon, and you 
may proceed. 


STATEMENT OF DR. RALPH E. LAPP, WASHINGTON, D. C.1 


Dr. Lave. Thank you. Mr. Holifield, I received your invitation to 
testify before this committee while I was in Japan. I cut short my 
trip in order to attend the hearings. May I say that I appreciate very 
much this opportunity to appear here. I would like to add that I am 
very pated that your investigations to date have thrown so much 
light on the problem of radioactive fallout. 

I regret that the rate of accumulation of data in my files is so great 
that I have trouble in digesting it. I hope that during the next month 
I will have the time to analyze properly the amount of data that 
_ has been presented and that 1 hope I may be able to give you a later 
statement. I have been out of Washington for 3 months, and I have 
had trouble keeping up with things. Nonetheless, I am delighted to 
be here and testify before your committee. 

Representative Hotirirtp. We have permitted other witnesses to 
present additional data to substantiate their statements, and that same 
permission will be granted to you. 

Dr. Larr. I believe that these hearings will stand as a landmark 
in the history of our knowledge about this relatively new phenomenon. 

Now I would like to add a comment about Dr. Libby. Appearing 
as I do after Dr. Libby, I would like to comment on his contributions 
to fallout. Dr. Libby has not only stimulated extensive research in 
fallout investigations such as Project Sunshine, but he has also taken 
the initiative in publication of his findings. I feel very strongly that 
he deserves a great deal of credit for his work on fallout. Were it 
not for Dr. Libby, we might well be confronted with a considerably 
smaller body of knowledge about fallout than we have today. 

Mr. Chairman, I do not intend to read this entire document because 
it is too long, and I will skip over certain sections, with your permis- 
sion, I might just mention that my interest in fallout extends over 
quite a period of years. I do not claim to be a great prophet with 
regard to the ultimate effects of radioactive fallout, since I think any 
examination of my publications about the Bikini shot of 1946 will 


1 Nuclear Science Service, Washington 7, D. C. Physics, Buffalo, N. Y., August 24, 1917. 
Strong Foundation fellow, Chicago, bachelor of science, 1940, doctor of philosophy 
(physics), 1946. Instructor, Chicago, 1940-41; research associate metallurgical labora- 
tory, Manhattan project, 1943-44; division director, 1944; assistant to laboratory direc- 
tor, 1945; assistant laboratory director, 1946: Argonne National Laboratory, 1946; 
science adviser, General Staff Research and Development Division, U. S. War Department, 
1946-47; Deputy Executive Director, Atomic Ener Commission, Joint Research and 
Development Board, 1947-48 ; Executive Director, 1948-49 ; head, Nuclear Physics Branch, 
Office, National Research, Department of the Navy, 1949-52; Director, Nuclear Science 
Service, 1953—; industrial consultant and lecturer, 1953-; assistant, Chicago, 1940-41, 
A. A., physical sociologist, cosmic radiation ; meson; bursts; showers ; mass. spectroscopy ; 
radiological safety ; nuclear radiation physics, (From American Men of Science, 1990.) 
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show that I was not terribly impressed with the phenomena of radio- 
active fallout at that time. I had to learn the hard way. 

I might say that my interest in radioactive fallout was really stimu- 
lated by the 1954 Bravo test at Bikini. This was the test which 
resulted in radioactive contamination of the Lucky Dragon No. 5, a 
Japanese tuna trawler. 

ased upon results which were made available largely by the 
Japanese, I began the publication of a series of articles on fallout at 
the invitation of the editor of the Bulletin of Atomic Scientists, and 
with your permission I will put these into the record, if you so desire. 

Representative Horirtevp. They will be received and filed with the 
committee. 

(The series referred to follows:) 

November 1954, Civil Defense Faces New Peril 
February 1955, Radioactive Fallout 

June 1955, Radioactive Fallout Il 

November 1955, Global Fallout 

September 1956, The “Humanitarian” H-Bomb 
October 1956, Strontium Limits in Peace and War 

Dr. Lare. I am dividing my testimony into four parts: general re- 
marks, local fallout, remote fallout, and I am so bold as to add some 
constructive proposals. 

Under “general remarks,” I would say I believe public confusion 
about fallout will continue to increase unless scientists can provide 
a quantitative or semiquantitative evaluation of the various hazards 
associated with fallout. Precision is probably not possible due to the 
nature of the hazards, and we may have to be content with numbers 
which vary by a factor of 2, 3, or even 10. This committee, I believe, 
has already performed a valuable service in narrowing the range of 
estimates made by individual witnesses. 

Regarding disagreement among the scientists, I think that the pub- 
lic may well conclude that if scientists cannot agree upon hazard, 
then all is confusion. It would be nice if the scientists could all 
agree upon a quantitative estimate of the hazard, which could then 
be given out to the public. I maintain two unusual circumstances 
have combined to produce the current confusion on radioactive fall- 
out. 

First, the urgency of our times has focused attention upon problems 
for which science did not have textbook answers. Available knowl- 
edge was inadequate and research such as Project Sunshine had to be 
initiated to provideanswers. 

Second, the ordinary process by which scientists argue out their 
answers was interdicted by the complexity of the problem and also 
by secrecy. Scientists outside the Atomic Energy Commission have 
full-time jobs, as do those inside, and could scarcely be expected to 
tunnel into the complexities of the problem in a few leisure hours. 

With regard to the responsibility of the Atomic Energy Commis- 
sion, I think that if we consider these factors, the Atomic Energy 
Commission has responsibility for providing the outside world with 
the facts about fallout Pe Pree as they become available. 

Representative Cotz. Mr. Chairman, I wonder if Dr. Lapp would 
mind interruption while his statement proceeds ? 

Dr. Larr. I would welcome interruption. 
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Representative Corr. We all agree with your statement that the 
Commission should make revelation of its information about fallout 
as promptly as it becomes available. Do you have any feeling that 
the Commission has failed in that responsibility, except insofar as 
fallout material may have a direct hearing on weapons information? 

Dr. Lape. Mr. Cole, I believe that your qualification there makes it 
difficult for me to answer the question. When you say “except insofar 
as it may have bearing upon weapons information,” you, of course, 
bring into play the difficulty. May I answer it as specifically as I 
can with regard to the question of radioactive contamination of large 
areas. 

I believe that the Atomic Energy Commission could have made avail- 
able to the public far earlier than it did its report of February 15, 
1955. 

This is the report on the effects of high yield nuclear explosions. 
It took almost a year from the time that explosion occurred until 
this, I would call it nonquantitative report, appeared. It has taken 
additional time until the weapons-effects handbook—lI believe called 
The patacte of Nuclear Weapons—will appear, presumably this 
month. 

It is my personal opinion, Mr. Cole, that could have been done more 
expeditiously. 

Representative Coir. But if it had been published earlier than 10 
months after the test, would you not agree that any report would have 
been based on conjecture rather than on facts? ~ 

Dr. Larr. No, Mr. Cole; I think the facts about this particular in- 
cident were fairly well known as of May 1954, and I believe if one 
looks at the record of the investigation of this committee—I am 
referring to the investigation of March 24, 1955, called The Atomic 
Energy Commission-Federal Civil Defense Administration Relation- 
ship—in this report published by your committee, the Atomic Energy 
Commission has stated that it had a summary report of the radioac- 
tive effects of the Castle series of tests available, I believe, in May of 
1954. So based upon that testimony by the Atomic Energy Commis- 
sion, I would say that they had the facts. 

Representative Cote. The Commission, as you know—either the 
President or the Chairman of the Commission—did shortly after that 
test give a generalized report on the results of the test. 

Dr. Lapp. Yes. It occurred, I believe, in my memory serves me 
correctly, on March 29 or 30, 1954. . 

Representative Corr. Some time in March. 

Dr. Lapp. Yes. I personally do not feel that report was an ade- 
quate or quantitative evaluation of the hazard. 

Representative Cotr. Of course, it was not. It was not intended 
to be. But it was a general report to the public as quickly as general 
facts could be made known. 

Dr, Lapp. It was a general report. 

Representative Coin. As to the detailed lessons based on facts as 
they were observed might necessarily involve a period of time. It 
would seem that a period of 11 months, considering the importance of 
the subject under study, was not inordinate. 

Dr. Lapp. I think we may disagree how long would have been re- 
quired for this. I might say, Mr. Cole, if Iam permitted a moment to 
look into my own notes here—that so far as I personally am concerned, 

93299°—57—pt. 216 
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based upon data made available from the Japanese, I was able to pub- 
lish in November 1954 in what I would call semiquantitative form an 
analysis of the hazard, and again in 1955 I was able to publish in the 
Bulletin of Atomic Scientists in February—I am sure I have it here, 
but it just escapes me—let me quote from memory. 

Senator Anperson. I think I have a full file of the bulletins. 

Dr. Larp. It is the February 1955 issue. 

Senator Anvrerson. That is probably the one I do not have. 

Dr. Lapp. In this issue I believe I presented a quantitative estimate 
of the hazard which was more detailed in numbers than was the Atomic 
Energy Commission’s release of February 1955. The situation, I 
realize, is difficult if one wishes to make a precise statement. But I 
do not think it was a precise statement that was needed. I believe 
something which would indicate the general magnitude of the hazard 
which civil defense faced would have been important. 

By the way, I will come to this point in connection with later testi- 
mony. 

May I continue? 

Representative Horirietp. You may proceed. 

Dr. Lave. I believe, then, that scientists, technicians, and officials 
of the Atomic Energy Commission must present reasoned and care- 
ful estimates of the hazards based upon factual knowledge. Reckless 
or nonsubstantiated statements do a disservice to the Atomic Energy 
Commission and to the Nation. 

Representative Van Zanpt. Dr. Lapp, you say reckless or non- 
substantiated statements do a disservice to the AEC and to the Nation. 
You make this statement under the title “The Responsibility of the 
Atomic Energy Commission.” Are you charging that the AEC 
spokesmen made reckless or nonsubstantiated statements? 

Dr. Lapp. I believe that the examples I have given here, particu- 
larly when we have a man like Dr. Richard Doan coming to Tokyo 
only last month stating that the bomb test did not have the slightest 
possible effect—I would be happy to place the entire quotation in the 
record—upon humans, that is nonsubstantiated. I believe it consti- 
tutes what may be regarded in the light of the great world importance 
of atomic energy as amounting to a reckless statement. 

I have not charged that Dr. Libby made a reckless statement here 
when he said, “However, as far as immediate or somatic damage to 
health is concerned, the fallout dosage rate as of January 1 of this year 
in the United States could be increased 15,000 times without hazard.” 

Representative Van Zanpt. Dr. Lapp, do you have all available 
information in this field ? 

Dr. Lapp. I have such information as is available to the public. 

Representative VAN Zanpr. But you do not have the reservoir of 
information available that Dr. Libby has, do you ? 

Dr. Larr. If I am to believe from Dr. Libby’s testimony this morn- 
ing that it was all unclassified, I would say that I must have. 

Senator Anprrson. It is either classified or you have it ? 

Dr. Lapp. Yes, I am sorry you are asking me something that is 
difficult for me because I simply do not know whether or not there 
exist things which are buried in secrecy. | 

Representative Van Zanpt. I am not worried about classified in- 
formation. I regard Dr. Libby as a member of the Atomic Energy 
Commission and therefore having at his fingertips all possible informa- 
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tion with access to AEC files. Therefore, when he makes a statement 
he must certainly make it based on the most comprehensive informa- 
tion available. 

ae I am asking this question: Do you have comparable informa- 
tion | 

Dr. Larr. No, sir. 

Representative Van Zanpr. By making the critical statement re- 
garding the AEC spokesmen, in effect you compare yourself with Dr. 

ibby from the standpoint of availability of information. There- 
fore, it amounts to this, does it not, that it is simply your own opinion ¢ 

Dr. Larr. It is my opinion based upon the facts which Dr. Libby 
has presented. 

Representative VAN ZAnpt. That is all, Mr. Chairman. 

Dr, Larr. I might say I can only go on what Dr. Libby has stated 
plus my knowledge of science and physics. 

oar ipa te Price. Mr. Chairman, may I ask Dr. Lapp a ques- 
tion 

Representative Houtrterp. Yes. 

Representative Price. Is it merely your personal opinion, or is it 
your opinion based not only on information made available to you, 
but on consultation and association with other scientists ? 

Dr. Larp. I have consulted with many scientists. I may not say in 
the specific preparation of this document because I was working until 
the early hours this morning doing this. I have in the past number of 
years consulted with many scientists of considerable note. I do not 
pretend to speak for scientists. But I might say this, Mr. Price; I 
have been encouraged by scientists. 

Representative Pricr. You do not feel that you are alone in these 
opinions ? 

Dr. Larr. I am alone right now, sir. 

Representative Price. I do not think you have been alone. I think 
others have testified pretty close to the testimony that you started eut 
to give here. I do not think you are alone. 

r. Lapp. I would like to make this statement, Mr. Price. I have 
come here today to try to present such observations as I can to be of 
help to this committee. I do not want to be put in the position of 
challenging every statement that Dr. Libby makes. 

Representative Price. I did not assume that you were challenging 
everything. The point I wanted to draw out was whether or not these 
were just strong personal convictions on your part, or whether, or not 
you had arrived at your conclusions not only through the examination 
of the material furnished to you but through your personal] studies 
and association with other leading scientists not only in this country, 
but in other parts of the world. nail erst.) 

Dr. Lapp. I have recently consulted with scientists in Japan. I 
might say that one of the useful things that I accomplished in dis- 
cussing these problems with the Japanese was that I think I explained 
some of the strontium measurements to the Japanese and tried to 
reconcile Dr. Libby’s data with their own. I think it was useful be- 
cause many of their figures were quite high as compared with Dr. 
Libby’s. Although I am not yet sure that they believed everything I 
have said, I have been in correspondence with them since and I have 
tried to bring about some agreement in this field. 
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Again, I state that I personally owe a great debt of gratitude to Dr. 
Libby as I think the country does in providing us with these very 
valuable data. | 

Representative Pricr. I think we all agree with you on that. I 
think you were interrupted before you were permitted to give the 
examples that you were going to give on statements you referred to 
as perhaps “reckless’’ statements. | 

Dr. Larr. I think we must interpret this and perhaps qualify it 
Somewhat. That is, we are dealing now with statements made to the 
public. This is an area in which I have had some experience, namely, 
in the translation from the world of megacurie and the megaton into 
the world of ordinary understanding. I think Congressman and Sen- 
ators know how difficult this translation can be. Dr. Libby’s speeches 
have not always been masterpieces of simplicity for the press to under- 
stand. I have in many cases attempted to translate these speeches so 
that they might be more useful. 

Senator Anperson. Doctor, now that you have had a chance to 
refresh your memory as to your fallout data, do you find you reported 
in the February 1955 issue of the Bulletin of the Atomic Scientists ? 

Dr, Larp. Thank you. It was in the February issue of 1955 that 
I presented a quantitative estimate of the radiation exposure. I be- 
lieve this curve showing cumulative dosage from fallout agrees with 
the data which are now presented some 3 years later in The Effects 
of Nuclear Weapons. Iam going to testify about this. 

Representative Horirrerp. You made that chart without access to 
classified information ? 

Dr. Larr. The basis of making this chart was, if I may be per- 
mitted—this is a complex technical matter—to give you a complete 
explanation. 

Representative Horirtevp. Make it simple. 

Dr. Larr. I have here the reports of the Japanese scientists. These 
are called Research in Effects and Influences of Nuclear Bomb Test 
Explosions. I want to point out that this has been published only 
recently, but it contains many of the scientific papers of 1954 upon 
which I based my deductions. 

These reports might just be illustrative to show how much other 
countries are publishing. These reports are the research in the effects 
and influences of nuclear bomb test explosions in two volumes com- 
piled by the Committee on Compilation of the Report on Research 
and Effects of Radioactivity, published in Japan for the Society for 
the Promotion of Science. There are about 1,800 pages of data in 
these reports. 

Representative Horirteip. The chart that you gave in February 
1955 has stood up, then, against challenge, has it? 

Dr. Lapp. I believe so. I have discussed this with Dr. Eugene 
Wigner, who is a scientist of outstanding note. We were much con- 
cerned about the tail of the curve. This tail of the curve is quite im- 
portant because it is upon the tail of the curve that the long term 
er ae of radioactivity will depend. At the time I talked with 

im, Dr. Wigner had his doubts about how this tail may be ex- 
trapolated. 

My own feeling is the recent data of Dr. Dunning, contributed 
to this committee, support this curve, 
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Representative Corn. Dr. Lapp, you will concede that your report 
of January 1954—or is it February ? 

Dr, Larp. I think it came out in February. 

Representative Couz. That was the same month that the Commis- 
sion’s report came out. 

Dr. Lapp. Yes, Mr. Cole. 

Representative Cot. But your report was based on studies of ex- 
posure to the Japanese fishermen. 

Dr. Lave. Yes. 

Representative Com. Whereas, that was only a part of the persons 
who were exposed to radioactivity. Is that not correct? 

Dr. Larvrv. That is correct, Mr. Cole. 

Representative Coiz. There were other people, the Marshallese, who 
were also exposed. 

Dr. Lapp. That is true, but the data which I am concerned with is 
not data on people, but rather the actual number of curies of radio- 
activity deposited on the surface of the Lucky Dragon. 

I might say, by the My ors 

Senator Anprrson. Your report came out in the February issue 
which reaches the subscribers ahead of the first of the month. The 
Commission report came out in March and followed by a considerable 
pened of time the publication of the data that you have there, did it 
not ¢ 

Dr. Larr. I believe there was a difference in time of about 8 days. 
I prepared this, by the way, in December of 1954. I again received 
a tremendous amount of help from Dr. Libby’s first speech of Decem- 
ber 1954. It was very useful tome. I really feel that Dr. Libby has 
contributed immensely to this whole phenomenon of fallout. 

Representative Coz. Mr. Chairman, before Dr. Lapp leaves this 
question of the responsibility of the Commission to make factual pub- 
lication of its information, Dr. Lapp has indicated three examples 
which in his opinion represent a failure to fulfill that responsibility 
of frank and honest statements. He has characterized them as reck- 
less and nonsubstantiated by the facts. 

Dr. Larr. Not all the statements. 

Representative Corr. I notice you made an exception with respect 
to Dr. Libby’s statement that it was not reckless, which leaves the con- 
Baers that his statement nevertheless was unsubstantiated by the 

acts. 

Dr. Larr. With respect to that, Mr. Cole, I would wonder whether 
or not in the light of the testimony that has been received by this com- 
mittee that Dr. Libby would still wish to subscribe to the statement 
that the fallout dosage rate as of January 1, 1955, in the United States 
could be increased 15,000 times without hazard. 

Representative Corz. I am not seeking to argue with you. I am 
simply trying to establish clarity in the record. 

Another question is this. These three examples which you have 
enumerated, do they constitute the only instances which have come 
to your attention where employees or representatives of the Commis- 
sion have made statements on this subject which you feel were per- 
haps reckless to some degree, or not substantiated by the facts? 

Dr. Lape. No, Mr. Cole. I would have to go through my files. I 
believe there are many more. 
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Representative Cotz. But would you agree that these are the most 
glaring instances of recklessness on the part of such people? 

Dr. Lave. Until I really combed my files and did a thorough job 
I can’t answer the question. | 

Representative Cotz. It would seem from the fact that these im- 
pressed themselves on your memory, and that you have cited them 
would indicate that they were the most extreme instances. 

Dr. Lave. No, I would not believe that. I think I cite them be- 
cause they were readily at hand when I prepared this testimony. 

Representative Corr. On this point, Mr. Chairman, it would seem 
to me that in fairness to these individuals whose responsibility has 
been questioned in this regard—Dr. Eisenbud and Dr. Doan—they 
should be given an opportunity to give whatever explanation they 
may have by way of defense against the charge of having issued a 
reckless and unsubstantiated statement. 

Representative Horirrmerp. I will respond to that. They will be 
given this opportunity if they care to. 

Representative Van Zanpr. Dr. Lapp, I am not doubting your 
ability as a physicist nor am I challenging your right of opinion, but 
for the first time during the course of these hearings we have the 
integrity of a Government agency challenged. That is what it 
amounts to. It has changed the complete tone of these hearings as 
far as I am concerned. We are not sitting here as an investigatory 
committee. We are sitting here for the purpose of trying to find the 
answer to this radiation problem. I think you would make a great 
contribution to these hearings if you would delete from your state- 
ment that charge you have made against the AEC and certain physi- 
cists employed by them. 

Senator Anprrson. I thought we were going to hear their replies 
to the charge. I think if Dr. Eisenbud will come in and prove as they 
laid down these criteria of proof the other day, that fallout to date 
from all tests would have to be multiplied by a million to produce visi- 
ble deleterious effects, except in areas close to the explosion, that it 
would be very interesting. 

Dr. Libby says he does not know what will happen when this comes 
out of the stratosphere. If Dr. Eisenbud would give us a short state- 
ment proving that it will have to be increased a million times, I think 
that would be very interesting. It would contradict a great deal of 
testimony from the Atomic Energy Commission itself. 

Representative Corz. Mr. Chairman, I would point out by way of 
important emphasis that this statement of Dr. Eisenbud was made on 
March 20, 1955. 

Dr. Lapp. Yes. 

Representative Coir. So whatever response he may have to make 
by way of justification or explanation will have to be predicated as 
of that day, and not as of today. 

Dr. Larr. I would like perhaps to amplify this one bit, that is, that 
when I talk of the use of the word “reckless,” there, I am speaking in 
terms of how the noneducated public will interpret statements made 
to them. That was my only purpose. I am not challenging the in- 
tegrity of those people. 

Representative Coin. Dr. Lapp, would you assert that the Commis- 
sion’s spokesmen in the scientific field were the only scientists who 
have made reckless and unsubstantiated statements on this problem ? 
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Dr. Lapp. I would not. Reckless statements have been made by 
scientists who are not in the Atomic Energy Commission. 

Representative Cotz. Would you also say unsubstantiated state- 
ments were made by scientists who are not in the Atomic Energy 
Commission employ 

Dr. Larr. I would readily agree to that. 

Senator Hickrennoorrr. Mr. Chairman, may I ask Dr. Lapp, have 
a examined the full statements of Dr. Kisenbud and Dr. Libby and 

r. Richard Doan that you referred to here ? 

Dr. Larr. Yes, sir. 

Senator Hicken.oorrr. So it is based on that examination of the 
full statement that you quote out of context here? 

Dr. Larr. Yes, sir. 

Senator Hickenitoorrer. And draw your conclusions that these add 
up to what you call reckless statements ? 

Dr. Lapp. Yes. 

Senator Hicxentooper. I think perhaps one might argue that there 
is a degree of recklessness in dogmatic statements even by yourself 
in drawing these conclusions, not having been closely associated with 
the investigation of the data involved, and I rather question the advis- 
ability of the use of the word “reckless” in this rather difficult and 
quite ramified and uncertain field. 

Senator Anprerson. Dr. Lapp, would you not agree with me that 
there is a possibility that Dr. Eisenbud might not have been correctly 
quoted in the newspapers? I say that because Dr. Eisenbud gave us 
what I regarded as extremely fine testimony in his appearance before 
the committee. I thought it was scientifically based and carefully 
put together, and you have spoken very highly of Dr. Libby. I share 
your high regard for him, and I would hope that you might express 
to me how you feel about Dr. Eisenbud. I think he is a very capable 
and fine man. I hope that would sort of find some response in your 
system also. 

Dr. Lave. I was much impressed with the statement he made before 
this committee. The statement he made was in the Sunday News for 
New York of March 20, 1955. I believe that this illustrates one of the 
problems, Mr. Anderson, of the scientists and the press. He is really 
responsible for being careful in issuing statements to the press. I 
am not in any away attempting to attack the integrity of any people. 
I merely point out the impact which this will have upon the public. 

So far as world interest in fallout is concerned—I will try to read 
this quickly—the committee may be interested in my observation that 
fallout has become an acute weapon of propaganda. For example, I 
found the Japanese scientists are actively studying the radioactivity 
of their tea, because of the assertion from the Chinese mainland that 
Japanese tea is radioactive. Apparently fallout does not occur in 
China. Some people in Japan are so keenly aware of fallout 

Representative Hottrrevp. I think you should clarify that facetious 
remark, because in the print your manner of delivery might create 
the impression that you have said that it does not. 

Dr. Larr. I am sorry. It seems to me that here is an example of 
how radioactive fallout can be used as a weapon of propaganda in 
which a country which might stand to gain from its sale of a product 
accuses another country of having radioactive tea, and forces that other 
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country to engage in fairly laborious research project to find out how 
radioactive their tea is. 

I visited this laboratory where tea was analyzed and saw the vast 
quantities of tea tested for radioactivity. I cite it merely as an example 
of how this can be used. 

Representative Core. What were the results of those tests ? 

Dr. Lapp. The tests are still underway. I believe the results will 
be given out within the year. I did not find any unusual radioactivity 
from the contact I had with Dr. Shiokawa. Some people in Japan 
are so keenly aware of the fallout that they actually take showers 
after being out in the rain. 

There was a great public outcry against the British Christmas Island 
tests, but there was no great demonstration against the Soviet tests. 
It seems to me that this is a great victory for psychological warfare 
experts when they can induce selective sensitivity to fallout. 

Representative Cotz. Dr. Lapp, since you were there in Japan at 
the time of these tests or immediately prior to the tests, can you account 
for the fact that there was such a striking demonstration against the 
Christmas Island tests and yet there was no equal or even slightly 
proportional demonstration against the Russian tests? 

Dr. Larr. I might point out in all fairness that so far as the Japanese 
Government was concerned, they did protest the Soviet test, too, but 
as far as the public demonstration was concerned, I know of no such 
demonstration against the Soviet test. I think, however, one can 
give a partial explanation for this, This is in the fact that the 
Japanese people were immensely affected by the radioactive fallout 
in the fishing areas of the Pacific. After the accident of March 1, 
1954, the Japanese Government went to considerable effort and expense 
to monitor the fish supply, which is a great source of protein for the 
Japanese. I think therefore they associated with the Christmas Island 
tests an effect upon their food supply. 

Representative Coz. If that is so, how do you account for an 
equally demonstrative representation against the tests here in Nevada? 

Dr. Lapp. I was not aware that they had such an outcry. 

Representative Corr. You must have been aware that some Japanese 
people stormed the gates of the American Embassy in Tokyo in protest 
against the Nevada tests. 

Dr. Larr. I am sorry. I was traveling about Japan a good deal 
and perhaps I missed this one, Mr. Cole. 

Representative Corn. This only occurred within the past month. 

Dr. Lapp. Isee. I did not know about this. 

Representative Coir. Yes. 

Dr. Lapp. I cite my reason as one factor. 

Representative Corn. It is understandable that the Japanese people 
should be unusually sensitive to the hazard of radioactive fallout. 
That is very understandable. But it is difficult for me to understand 
why they should distinguish between the hazard of the British or 
American fallout without apparent protest to the hazard from Russian 
test fallout. Do you have any explanation for it ? 

Dr. Larp. I could not profess to be extremely competent in this 
regard. I believe, however, there is a Communist Party at work in 
Japan. I believe that they use radioactive fallout as a political 
weapon. In fact, I believe that in the case of the survivors of the 
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Lucky Dragon, that their families were visited by representatives 
of the Communist Party who promised them money by way of being 
helpful. To my knowledge they never showed up with the money, 
but they promised them money. 

Representative Cotz. Were you not told when you were in Japan, 
as I was, that the newspaper reports of the Russian tests indicated to 
the Japanese people that the Japanese scientists had detected some 
unusual turbulance in the atmosphere? It was characterized as such, 
with no direct reporting that this was radioactive material. It was 
simply tagged as an atmospheric disturbance, whereas the press de- 
scribed the British and American tests as radioactive contamination of 
the air. 

Dr. Larp. I think they are probably allergic to American bomb 
fallout. This is rather interesting, in view of the fact that the data 
given to me by the Japanese show that some 70 percent of the total 
gross activity of the fission debris falling upon Japan is of Soviet 
origin, 20 percent from the Pacific tests and 10 percent from the Ne- 
vada tests. 

Representative Corr. That was given to you by Japanese scientists ? 

Dr. Larr. Yes. 

Representative Conn. Have you ever seen that conclusion published 
in the Japanese newspapers ? 

Dr. Larev. I gave a number of interviews when I was in Japan, and 
I pointed this out, but I unfortunately do not read Japanese, and do 
not know whether they reported it. It may have been. I stated the 
fact that there is greater fallout on Japan from Russian tests than 
from United States tests or United Kingdom. I am unaware that it 
was published. It may have been. 

Representative Coin. This is a rather remote and roundabout route 
by which to provide these conclusions for the information of the Jap- 
anese people. I can hope that the Japanese reporters who are present 
here today may report to their respective newspapers published in 
Japan the conclusion which was given to you while in Japan, a con- 
clusion by Japanese scientists—that their tests of the contamination 
of the atmosphere over Japan was caused 70 percent from the Russian 
tests and the balance from American and British tests. 

Dr. Larr. I think, Mr. Cole, I hope that these facts are reported in 
the Japanese press. I have reason to believe they will be. I think it is 
entirely reasonable that the fallout upon Japan should be predom- 
inantly from Russian tests because of the greater tropospheric fallout 
which Dr. Libby explained this morning. The greater tropospheric 
fallout from these tests will occur from the Russian tests. Because of 
the fact that they are in the air mass trajectory from the Soviet test 
region, this fallout will occur upon Japan sooner than upon other 

arts of the world. Because of the freshness of the fallout, there will 
ea greater radioactivity. 

Representative Cotz. That being a scientifically provable fact, then, 
is it not appropriate that the Japanese should be far greater con- 
cerned over Russian tests and the hazard of Russian tests than the 
tests by the United States and United Kingdom? 

Dr. Larr. If I were a Japanese I certainly would be. 

Representative Hoxirierp. It is not strange, as far as I know that 
the Atomic Energy Commission has never revealed this very impor- 
tant fact, and that the first knowledge I have of it is as of today? If 
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they have revealed it, I am unaware of it. We are being subjected to 
propaganda as you have stated by the Communist Party selzing on 
the part of this technical information which is to their advantage, and | 
using it in Japan. Why is not this a piece of scientific fact that 
could be used on our part and let the world know that 70 percent of 
the fallout on Japan comes from Russian origin, if that is a true fact. 

Dr. Larp. Mr. Chairman, I am trying to strain my memory to 
remember this, but I believe that the National Academy of Sciences 
report contains data on relative fallout. I am trying to remember if 
it was on Japan. I think that it does contain data on this, but it 1s 
probably buried in the scientific literature. 

Representative Horirrexp. I have read the report fully, and if it is 
in there, I have either forgotten it or I could not understand it, the 
way it was stated. 

Dr. Lave. I do not think it was in the summary or general report, 
but was in the greater compilation of the appendix, the physical 
measurements. 

Representative Horirierp. But a report of the American Academy 
of Sciences is not a publicized report of the Atomic Energy Com- 
mission. 

Dr. Lape. Imightsay this. I cannot remember any Atomic Energy 
Commissioner making a point of this in his speeches. I read most of 
the speeches quite carefully. I do not remember this being made. 

Representative Core. You do not know whether this information 
has been made available or known to the Commission, do you? 

Dr. Lave. I could not state positively. 

Representative Core. Of course, if the Commission had wanted to 
or happened to it could have found the same information which was 
given to you. I do not question that. But there is no evidence, or 
is there, that the Commission had this information ? 

Dr. Lapp. I am sorry, I am not competent to discuss that. 

Representative Cor. Mr. Holifield referred to this conclusion of 
yours, or this information which was given to you as having an ele- 
ment of propaganda. I am sure he did not intend to use that word 
in the strictest sense, because this information in my opinion is not 
propaganda. This is a statement of the scientific facts as resulting 
from the examination of competent Japanese scientists. 

Representative Horrrrep. I will accept the gentleman’s amendment, 
if he will allow me to substitute the word “publicity” in the place of 
“propaganda.” 

Representative Corn. Yes. It should be publicized generally, and 
widespread, and that is why I am talking about it as much as I am 
in the hope that the reporters who are present will make certain that 
it is publicized fully and in all of the newspapers in Japan. 

Representative Hoxrrmxp. I had assumed that Project Sunshine 
was all over Japan, too, and we knew about this. 

Representative Van Zanpr. Mr. Chairman, I would like to ask Dr. 
Lapp another question. 

Dr. Lapp, the Japanese scientific documents you have at your elbow, 
have you gone through them as yet ? 

Dr. Lapp. I have gone through a great many articles, yes. Soma 
of them did not interest me too much, so I skipped over them. I hava 
gone through a great many. 
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_ Representative Van Zanpr. Dr. Lapp, do you think all the informa- 
tion contained in those Japanese documents is original or has some- 
body borrowed the information from the American scientific family ? 

Dr. Lapp. I would say that much of it|is original and of course 
scientists borrow wherever they get the information. That is the 
nature of science. Itisan international community. There are a great 
many references in each paper to the United States reports, and to 
other nations as well. I think that the United States reports pre- 
dominate. 

Representative Van Zanpr. In other words, the volumes contain 
much United States data ? 

Dr. Lapp. No, they reference United States data. For example, 
if we have a radiochemical technique for detecting a particular radio 
element, then they would use the technique and reference this. I want 
to point out, however, that the Japanese scientists, despite the fact 
that they are not many in number as compared with other nations, 
have quite a history of excellence. I had the great pleasure of talking 
with Professor Kimura only two Sundays, ago, and he was very kind 
to soy me some of his original work, and I know it was of very high 
quality. 

Representative Van Zanpt. Dr. Lapp, have you had made available 
to you a copy of a Russian scientific document entitled, “Preliminary 
Data on the Effects of Atomic Bomb Explosions on the Concentration 
of Artificial] Radioactivity in the Lower Atmosphere and Soil’? 

Dr. Lapp. Ihave not. (See p. 1209.) 

Representative Horrrrevp. It was just called to my attention by the 
chairman that one of our outstanding scientists in California is an 
American Japanese. 2 

Dr. Larr. The Japanese scientists are particularly competent in the 
field of theoretical physics. One of the greatest theoretical physicists 
in the world is Professor Yukawa, famous for his discovery of the 
meson. . 

It is inherent in the very nature of the biological research into the 
effects of radioactivity upon humans that a high degree of accuracy is 
not attainable, especially on human experience basis. As Dr. Lang- 
ham, of the Los mR pion Laboratory, has testified, human experience 
with retention of radium 226 is the basis for setting upon a maximum 
permissible concentration for radiostrontium. et our actual ex- 
perience is confined to a small sample of acutely exposed individuals 
and a small sample of less acutely exposed people. 

Actually, our concern should focus not upon acute effects in man, 
which are highly unlikely from peacetime bomb testing, but rather 
with the chronic, debilitating, long-term effects from irradiation of 
humans. We must be conscious of the need to appraise long-delayed 
effects, say 50 years after entry of radio elements in the body. Here 
our knowledge is quite limited. 


SECTION F. RADIATION LIMITS FOR A GLOBAL POPULATION 


I would like to stress the fact that consideration of safe limits for 
irradiation of the world’s population is essentially a new problem. 
Prior to the awareness of global fallout, the International Commis- 
sion on Radiological Protection made its recommendations for those 
who would be exposed to radiation in pursuit of their occupation. 
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Such groups initially were numbered in the hundreds and then in the 
thousands as atomic energy came of age. Individuals within such 
groups were healthy adults exposed to known and restricted hazards; 
they were subject to administrative controls and medical supervision. 

In setting up limits for a total population, we must take into account 
the varying radiosensitivity of individuals, the complete spectrum of 
age, the persistence of the hazards, the lack of medical control, the vary- 
ing degrees of health of people, and the variety of their diet. Yet 
it was not until last year that the Atomic Energy Commission in- 
troduced the difference between an occupational MPC and a global 
MPC into its releases on fallout. 

May I explain that briefly? Dr. Libby, in his speeches referred al- 
ways to the MPC. Iam not accusing Dr. Libby of deliberately try- 
ing to mislead anybody, but, from the standpoint of the ordinary lay- 
man reading these things, there was no distinction between a maxi- 
mum permissible concentration for occupational workers and for the 
world population. I think this is one of the things that is necessary 
when you are putting information out to the public—that you must 
distinguish between these different units. 

Representative Cote. Why is that, Doctor? What is the differ- 
ence whether the individual absorbs or is exposed to the maximum 
MPC in an atomic plant or as an employee or whether he is exposed 
to it outside. Why do you feel that a distinction should be made? — 

Dr. Lapp. I think the distinction should be made on the basis, first 
of all, of the difference in radiosensitivity of the individuals. You 
are dealing with the total population now when you are dealing with 
the global risk. You are dealing with people who have no medical 
supervision. You are dealing with people who are of different ages. 
I believe that the International Commission on Radiological Protec- 
tion recommends a factor of 10 and others believe it should be more— 
a factor of safety—when dealing with the total population than when 
you are dealing with the small population, the occupationally exposed 
population. These are the recommendations of the international body 
on the subject. 

In view of the nature of our knowledge and the totality of the sample 
with which we are dealing, I would urge a big factor of safety in set- 
ting limits to bomb testing. It would be tragic to find someday that 
we had erred in setting the limits. 

Perhaps I might explain, in response to Mr. Cole’s question, the 
probabilities involved here. Supposing that the probability of dam- 
age were only one in a thousand and you only had 10 people working 
in the laboratory; this would be a smal] risk for 10 people. But if 
you had one in a thousand and apply the same statistics to a total 
population of 2 billion people, obviously, you have a very different 
ema It is part of the philosophy that goes into establishing such 

gures. 

Representative Cote. When you say, in your opinion, that we should 
set a big factor of safety, don’t you mean that we should set a very 
low factor of safety in order to be on the safe side? 

Dr. Larp. Perhaps my language is not clear there. 

Representative Cote. You mean the same thing. 

Dr. Larp. Yes. 

Representative Core. We should be ultracautious in fixing a factor 
of safety. 
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Dr. Lare. Yes. 

The Soviet nuclear tests: I felt that the committee might be inter- 
ested in some some miscellaneous data I picked up in Japan. I 
learned that the Japanese scientists collected sufficiently active samples 
from the Russian tests to perform radiochemistry upon the bomb de- 
bris. I was informed that five Soviet tests produced a fallout on 
Japan from which scientists measured and identified the presence of 
radioisotope uranium 237, The Soviet explosions were characterized 
by such fallout that they were judged to be in the megaton range. 
These estimates are subject to considerable uncertainty, but one au- 
thority told me that he estimated that at least 2 bomb yields were in 
the range of 10 megatons. 

Two Soviet nuclear tests were observed to originate in the Arctic 
region, whereas the remaining tests took place in a region estimated 
to be the Ozero Balkash, which is southeast of the new coal area of 
Karaganda. The air-mass trajectories from central Siberia frequently 
sweep across the islands of Japan, especially Hokkaido. They also 
produce tropospheric fallout over the United States, as well. Here 
in Washington you could swipe a Kleenex over a car top and cause a 
Geiger counter to respond. Perhaps that is a qualitative statement, 
because the normal counting rate of the counter is 20 counts a minute, 
and the counter may go up several times over that. But it was readily 
detectable by even such a simple analysis as this. 

Representative Van Zanpr. Dr. Lapp, that last statement you make; 
is that a fact or is it just hearsay ? 

Dr. Larr. I was told this by one of my scientific colleagues, since 
I was not here at thetime. I have no reason to doubt it. 

Representative Van Zanpt. Then we are getting it secondhand. 

Dr. Lapp. Secondhand, but I can give you the source, if you wish. 
I have seen the measurements done myself. The presence of uranium 
237 in the Soviet fallouts proves that the Soviets have achieved a com- 
pound fission-fusion or so-called multiple-stage weapon. According 
to my information, this was first accomplished in September 1954. 

Representative Coxe. First accomplished where? 

Dr. Larr. In the Soviet Union. The next statement has already 
been made. 

I would like now to talk about the problem of local fallout. I am 
not going through all of section A, because what I am doing there 
is trying to explain a term which I coined some time ago in order to 
eliminate confusion in popular translation with the megacurie. The 
term I used is the “eternity roentgen” per square mile. It turns out 
that this particular compound unit is extremely easy to use in estimat- 
ing the roentgen exposure of people in a bomb area. I will not go 
through all of this. 

Could I have the chart of Dr. Shafer put up? (See p. 119.) 

Last week Dr. Shafer testified before this committee about an at- 
tack of 2,500 megatons of bomb yield upon the United States, and 
specified that they were surface burst dirty weapons. By dirty it is 
meant that the ratio of fission to fusion is high. I assumed that 2,000 
tons of fission products deposited locally. This I calculate as 12 bil- 
lion roentgens per square mile. 

Representative Cote. You have characterized these as dirty weap- 
ons, Dr. Lapp. How would you evaluate the content or force of a 
weapon aimee might be called a clean weapon? As you know, there 
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has been a considerable discussion of the maining of the words dirty 
versus clean, clean versus cleaner. You have used the words “a dirty 
weapon.” Are there degrees of dirtiness? 

Dr. Larp. Yes. I would estimate the degree of dirtiness as the 
ratio of the fission to the fusion release in the bomb. 

Representative Corn. So that in your opinion it is possible to fabri- 
cate a weapon which is clean. 

Dr. Lapp. Relatively clean. To answer the Sager precisely, the 
question would be whether or not you could fabricate a weapon in 
which there were no fission products. 

Representative Corr. You could not do that. 

Dr. Larr. This I do not believe is possible. So you can fabricate 
a cleaner weapon. 

Representative Corr. Would you conclude that it is possible to 
fabricate a weapon which is so clean that dirtiness 1s not of great 
importance? 

Dr. Larr. I do not have the facts on which to answer that question. 

Representative Horirretp. No one else has come before us who had 
the facts to answer that question. Dr. Graves answered the exactly 
opposite. He said there is no such thing as a clean weapon. ‘There 
are varying degrees of dirtiness. 

Dr. Larr. If I may muddy the water a little more, I would say that 
one must also include here in this argument about clean and dirty 
bombs the operational aspects of the weapon. You have first the 
problem of how much dirt is actually produced by the bomb, and 
then you have second the problem of how much dirt comes down. If 
you test the bomb at high altitude and set it off at high altitude, then 
you minimize the loca] fallout. 

So we have two problems here. To get an index of dirtiness of an 
actual weapon tested you have to apply some formula here for the 
eternal dirtiness, and then the operational dirtiness. So it is a com- 
plex thing. 

Senator Anprrson. Doctor, if you had developed a type of bomb 
that would not explode high in the atmosphere but equipped it to ex- 
plode close to the ground, would you add or subtract from its dirti- 
ness? Would you not add to its dirtiness, so-called, to get down where 
it picked up particles of soil ? 

Dr. Larr. When you pick up, I would call it the ballast, the soil 
oephe it tends to maximize the local fallout and make the weapon 

irtier. 

Senator AnpERsOoN. Therefore, if we were to prove whether our in- 
terest was clean or dirty weapons, we would need testimony from 
the military as to whether they had or had not developed weapons that 
would explode closer to the ground. 

Dr. Larr. I believe that the operational aspects, namely, the altitude 
of detonation would be very important. The testimony that Dr. 
Shafer gave is illustrated on this chart in which the varying degrees 
of contamination are illustrated by different colors. I am not going 
to use the exact figures. I merely wanted to illustrate the type of 
continental contamination that you get into if you have an attack 
with 2,500 megatons of dirty bomb. 

I would take an example and then discuss the implications of dirti- 
ness in a strategic attack upon a country. If you assume that 50 per- 
cent of this dirtiness falls out locally, you have then 1,000 megatons 
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of fission products concentrated upon Northeastern United States, the 
ponon which I use, and much of the region would then be subject to 
a fallout of 10,000 eternity roentgens. 

May I define that? The eternity roentgen is a unit of the exposure 
from one hour, considering that the time of fallout to deternity, it 
is divided up on the following time schedule. May I jump to section 
C, which is the persistence of fallout. May I bypass the comments 
about this and jump directly to the data. 

If you have 10,000 eternity roentgens, this amounts to a rate of 
2,000 roentgens per hour at one hour. Here is the time table of the 
oer y of the roentgens to a person exposed in the open on a flat 
area. From the first hour, assuming the fallout occurred, then, to 
the end of the first day, there would be 4,700 roentgens of exposure. 
That would be about 1C times the lethal dose for an individual. So 
he had better be somewhere besides the top of the earth. 

From the end of the first day to the end of the first week, there would 
be a dose of 1,730 roentgens, or about 3 times the lethal dose. From 
the end of the first week to the end of the first month there would be 
an additional dose of 920 roentgens which would probably also be 
lethal. From the end of the first month to the end of the first year, 
there would be slightly over 1,000 roentgens. From the end of the 
first year to 50 years would be an additional 840 roentgens, but I make 
the note that weather and terrain would make a significant difference 
in cutting down that dose. 

This point, I think, is worthy of stressing, because of its great im- 
plication for civil defense and for analyzing what the ultimate con- 
sequences of an attack upon a country are. You have the problem 
here of confronting 920 roentgens from the first week to the end of 
the first month after the attack, and even after that is over, you have 
the problem of the 11-month dose of slightly more than 1,000 roent- 
gens. After the first year, there would be a smaller dose of some 840 
roentgens that would be, the theoretical maximum. 

Having listened to Dr. Crow’s testimony yesterday, I proceeded to 
calculate late last night or early this morning—I forget which—just 
what this would mean because Dr. Pollard and the others pointed out 
the consequences of an attack upon the United States, and Dr. Libby 
aa morning emphasized the great consequence of a nuclear attack 
itself. 

Representative Horirretp. I am glad you are going into this, be- 
cause the chairman has received any number of telegrams—in fact, 
1 was delivered at 6 o’clock this morning when my doorbell was rung 
by a messenger, and they got me out of bed to give it to me—con- 
demning the committee for not going into the effects of a war and 
possible multimegatons. Apparently the people writing in are not 
aware of all the testimony, and are not aware of the fact that the ex- 
trapolation from this information can be applied to multimegaton 
exposure of the population, SoIam glad you are bringing that point 
out. 

Dr. Lapp. I just had the opportunity of discussing this at lunch 
with Dr. Crow. I have some SAshsbinelits to make with it, but none- 
theless in view of the nature which he will agree is fairly approximate 
data, I will let these figures stand. 

What I did here was the following: I assumed that by some means 
We were extremely fortunate in having the attack. I mean we were 
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fortunate after the attack in being able to hide our people from 
acute dosage during the first month. : 

I went on to calculate how much dosage these people would get if 
we took a generalized smear out of the radioactive fallout over the 
continental United States. Here is where the eternity roentgen square 
mile is an extremely useful concept, because I can simply make the 
calculations very quickly. 

What I did was to arrive at through this mathematics adjusting 
for weathering at an average dose of 400 roentgens for the average 
exposure to every American who survived an attack of 2,500 megatons, 
with some 2,000 megatons of fission products released. 

_ Senator Anverson. Doctor, it is hard to translate these things back 
and forth. The other day when Dr. Russell was testifying, we got 
into the question of the fact that if a person was exposed to so many 
units, it might shorten the lives of children by a certain number of 
days and so forth. Are these roentgens what you have called eternity 
roentgens the same thing he was talking about ? 

Dr. Larr. I have adjusted. I used the eternity roentgen just for 
the simplicity of calculation. I have gone back to the pure roentgen. 

Senator AnpErson. 400 roentgens would be a very substantial dose 
for not only the person exposed, but would have very, very substantial 
effects upon children that generation and continuing, as he pointed 
out, for several generations to come. Geneticists did not stop when 
the individual was exposed. They went right along through the 
several generations. 

Do I understand that this is a sufficiently large dose so that it would 
shorten the lives of those children depending upon whether you used 
the upper or lower limits of Dr. Russell’s table from 10, 15, or 20 years 
or something of that general nature, if the father and mother got 400 
roentgens. ° 

Dr. Larr. I am not familiar with Dr. Russell’s data, I am Sorry. 

cr anees Awnpverrson. Are these the same roeritgens he was thinking 
about ¢ 

Dr. Lapp. They are the same roentgens. The roentgen is the roent- 
gen and if he was talking about the roentgen, this is the same roentgen. 
If he was talking about the neutron unit, this would be different. 

Representative Corn. Was he talking about the neutron unit? 

Dr. Lape. As I judge from what I heard in this hearing, I thought 
he was testifying about the neutron unit. Is Dr. Russell here? 

Representative Pricr. He definitely stated he was talking about the 
neutron. 

Dr. Larr. You all saw Dr. Crow’s table, I believe, showing the ex- 
pected genetic effect upon the first generation and upon the total suc- 
ceeding generations. What I did was to calculate how this would 
scale up if you had an aftermath of a nuclear war under this very 
optimistic condition that the people who survived got no radiation for 
the first month, but then were exposed to a cumulative dose of 400 
roentgens over the period of a generation—a reproduction generation. 
The first generation, according to this table, would have 1,600,000 
physical and mental defects, a total of 16 million for all total genera- 
tions. There would be stillbirths and childhood deaths of 4 million, 
a total of 120 million for all generations. Embryonic and neonatal 
deaths, 8 million, and 140 million total, and a much larger but unknown 
number of intangible defects. (See p. 1021.) 
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I think I would have to change this on the basis of what Dr. Crow 
told me, instead of 2 out of every 10 children in the United States in 
the first generation would be genetically defective, it would have to 
be 1 out of every 10. The sum total of all deferred deaths from 
the attack would be 272 million. I believe that should be scaled down 
because of what he told me to somewhat less than that. I believe about 
150 million. I will have to check with Dr. Crow on this. 

This, then, is the kind of genetic consequence from an attack which, 
according to Dr. Shafer, would have produced, I believe, of the order 
of 80 million deaths. 

This kind of a calculation is to me a rather awesome one. When I 
was thinking it over and talking with Dr. Crow at lunch, I was 
thinking, supposing this happened and you tried to imagine what 
you could do about it in advance. Of course, one of the things you 
could do is to arrange for shelter of people, but shelter of people 
for the time periods we have in mind is going to be increasingly difficult 
even if we have the funds for it. I hope I can be forgiven for inject- 
ing in the testimony at this time a thought which I had. It is the 
nature of nuclear warfare which provokes this. There perhaps might 
be a national objective to have a stockpile of human sperm—the male 
sperm—which would be stockpiled at strategic locations in the United 

tates for providing at least on the masculine side a pure line of 
nonirradiated sperm. I realize that this may seem like a bizarre 
suggestion. I understand according to biologists that you can keep 
human sperm viable for considerable periods of time. If you did that, 
then I believe you would cut your genetic consequences more than in 
half, because I understand that the female is less sensitive to radiation 
than is the male in terms of the sperm versus the ovum. This means 
you could cut in half or less than half—you could probably cut down 
between a half and a third—the consequences to future generations. 
It may even be, and here we would have to do a great deal of research, 
if you could continue the integrity and viability of the sperm through 
more than one generation, you then could continue nonirradiated non- 
mutated sperm through more than one generation. 

I realize here I am getting a little fanciful. I am merely injecting 
this into our discussion, the kind of things you come up against when 
you consider the awesome consequences of nuclear warfare. 

Representative Corr. Dr. Lapp, you have, of course, posed a most 
intriguing and bizarre as well as fanciful suggestion, but it occurs to 
me that is it not likely that if such an event occurred in which such a 
large proportion of our population were affected to the point where it 
would be advisable or helpful if we could have a reservoir of sperm, 
would not that concentration also affect other animal and plant life 
to a degree in which even though we were able to reproduce the human 
race, we nevertheless could not survive because of insufficient food, 
water and such ? 

Dr. Larr. Mr, Cole, I believe that so far as the crops reproducing 
themselves are concerned, this would not be the fundamental prob- 
lem, because I believe the mutation rates are quite different in crops 
and some of the other animals, I would like the specific question of 
the relative biological effect genetically to be addressed to one of the 
geneticists, 

_ Representative Horrrrerp. Of course, the suggestion you have made 
is an unusual suggestion, but we are dealing now with a world in 
93299°—57—pt. 2——17 
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which the possibility of releasing these quantities of megatons of fis- 
sion are either here or will be here very soon. It just accents the 
gravity of nuclear warfare and this is, of course, one of the things 
which mankind has to deal with for survival of the human race. If 
we are going to have this kind of warfare, these are the problems 
that are presented. | 

Dr. Larr. Mr. Holifield, I personally believe that projections of the 
probable consequences of a nuclear warfare are in themselves the great- 
est deterrent to war. But this has to be absorbed on both sides of the 
Iron Curtain. From what Dr. Muller said yesterday about the state 
of genetics in the Soviet Union, I think it might be quite advisable 
to make sure that no one in the Soviet Union is in doubt as to the 
consequences of a nuclear war. 

I am at a loss to say how to do this, but it might be accomplished 
pice a good conference on genetics to which the Russians were 
invited. 

Representative Cotz. Dr. Lapp, you have indicated that since your 
luncheon visit with Dr. Crow you have revised your conclusions from 
your original script which estimated an effect on the first generation 
of 2 out of every 10—since your luncheon visit with Dr. Crow you 
have revised that downward to 1 out of 10, which is a very striking 
revision, a difference of a hundred percent; if that can be the conse- | 
quence of a luncheon visit with Dr. Crow, might it not be conceivable 
that if you spent a dinner evening with Dr. Russell and other scientists, 
you might further revise your figures one way or another, or if you 
spent a week with them there might be even a greater revision ? 

Dr. Larr. I am not sure that the degree of revision would be pro- 
portional to the time of contact with these individuals. 

Senator AnpErson. You would find out that at one time the Atomic 
Energy Commission had a figure of 50 which in a short time they 
brought down to 2. Maybe they should go to dinner also. 

Dr. Lave. I apologize to the committee for introducing this figure, 
but I did not understand from Dr. Crow’s testimony yesterday that 
these two figures he gave were not mutually exclusive. 

Representative Houirterp. Mutually what ? 

Dr. Lapp. The point was that in the column of data he presented, 
he had two figures, one of which actually enveloped the other. I had 
thought they were separate. I was in error. 

Representative Coir. I was impressed by the apparent fact that a 
casual luncheon conversation could result in such a striking revision 
of your conclusions. 

Dr. Larer. The same factor of two would have been produced from a 
single sentence he gave me when I showed him the results. This is 
entirely in the nature of how scientists iron out these differences. 
They talk with one another. 

Representative Horirieip. I might say that we have had many sta- 
tistics given to us that range all the way from a factor of 2 to a factor 
of 10 or 15. So this variability in your figure is not unusual to other 
testimony we have had. 

Dr. Lapp. I believe in presenting the data Dr. Crow mentioned that 
it probably was not exact by a factor of three. I suspect it could be 
even more. I am merely using this as an indication. I would claim 
no precision. 
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Representative Coz. But his admission that. his calculations might 
be in error by a factor of 3 was based upon long periods of sober study 
and concentrated thought, and that even after such long period of 
study, he came to certain conclusions which|he admits might never- 
theless be in error by a factor of 8. 

You have indicated that your statement today was composed in the 
wee hours of last night and the early hours of this morning, as well as 
the luncheon visit. Therefore, might it not be reasonable to conclude 
that your estimates might be in error by a factor of as great as 15 
or 20? | 

Dr. Larr. I think the physical calculation I have made I would be 
willing to stand on. I think it is correct within the method that I 
have estimated the figures are accurate. The uncertainty comes in 
when I apply it to the genetic data. Actually, I think, Mr. Cole, I 
have underestimated the situation deliberately. I have taken lower 
values, not upper ones. 

One of the most important things that I wanted to discuss at least 
in my opinion before this committee, and I hope I can jump to it is 
the problem of the present test rate. I have indicated in the last. page 
of this testimony my rough estimate—and I emphasize that it is a 
rough estimate upon all the data available to me of the rate of testing, 
the injection of fission products into the stratosphere over the past 
period of time since the first bomb was exploded in 1945. 

‘This is a semilogarithmic plot. That is, the scale on the left in log- 
arithmic. Starting at the bottom, the lowest value given in one mega- 
ton, and it runs up to 10 and 100 megatons of fission products injected 
into the stratosphere. To be perhaps redundant, may I explain that 
this is the number of fission products associated with the explosion of 
100 million tons of TNT equivalent fission energy in a bomb. The 
reason why nothing appears up in 1951, up to the small value which 
I indicated as two-tenths of a megaton, is that prior to that time 
we were in the fission domain of weapons—the pure fission domain 
of weapons—in which the weapons had their energy released by a 
chain reaction in fairly expensive uranium 235 or plutonium 239, 
material which, as a rough estimate, we can say cost $10,000 a pound. 
The price is somewhat less now. Up until that time we were deal- 
ing with relatively small weapons and because of the fact that these 
weapons did not have great explosive power as compared with the 
megaton class weapons, their fission debris was restricted to the lower 
atmosphere or to the troposphere. 

This meant that so far as the global aspects of radioactive con- 
tamination were concerned, and considering the method of transpor- 
tation, the total amount of fission debris deposited was small and 
negligible. It was only when we entered into the era of the megaton 
in weaponry that we started to get into a situation where the injection 
of radioactive fission products into the stratosphere because of conse- 
quence and could be measured remotely all over the world. 

If we look at that, we will find in the injection corresponding to 
the test in 1952—by the way, this includes the United States and 
U. S.S. R.. I have not included any contribution from the British— 
and in 1953, relatively little testing so the curve goes down. In 1954 
was when we had the. Castle series of tests with a total estimated con- 
tributed fission yield of 30 megatons into the stratosphere. 
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The next year was cut back to a total of 8 megatons and then the 
next year, 1956, it went up. If you will permit me to go to another 
curve, I can give you the estimate. It is to about 14 megatons. Iam 
not in a position to make an estimate of the 1957 contributions since 
J am not aware of what the British have contributed with the Christ- 
mas Island test, and am only partially informed of what the Russians 
have contributed with their spring series of tests. But I believe that 
this chart does illustrate some of the problems you have in discussing 

the present rate of testing. 

One way—and this is the way Dr. Langham suggested—is that you 
simply average the testing over the past "5 years, which would mean 
we take these 5 bar graphs and add them up and divide by 5. 

I believe that when this is done that this curve will come out to 
somewhat more than Dr. Langham estimated. I am not § sure thats in 
just a minute I can give you the answers to that. 

Senator Anperson. Very close to it. 

Dr. Lapp. It is close to it. 

Representative Hotmrerp. Of course, this excludes the Russian test. 

Dr. Larr. This includes the Russian test. I have been conservative 
with regard to the Russian test, probably overly conservative, because 
of the problem of estimating just what fission yield they had in the 
weapons, how much was injected into the ae ee and how much 
dumped out stratospherically. 

Senator Anperson. Dr. Langham said it came to about 50 megatons 
in the past 5 years. If you add your figures, it comes out to about 50 
and a fifth of that is 10 megatons per year. 

Dr. Lape. It is roughly 50, sir. I do not have the complete detail 
here as to how I arrived at all these figures. The reason for the Castle 
series of test figures being there is due to Dr. Libby. He presented 
the data which allows me to derive this value for the Castle series 
of tests. That is the principal contributor, and thus explains why 
my estimate should be so close to Dr. Langham’ S. 

There is one thing which has puzzled me, that is, that if these data 
are in fact correct, then the Russians have not really tested a series 
comparable to our Castle series of tests. 

Senator Anprrson. It could be that we had one fairly sizable shot 
that has not yet been approximated by anybody else. ‘That is a pos- 
sible explanation. 

Dr. Lapp. That is possible. I can only draw an inference. 

Senator Anperson. Would you not be satisfied to take the total 
figure that Dr. Langham used in view of the fact that he is so closely 
associated with Los Alamos Laboratory which for many years of 
this period was doing the major part of the testing and has since 
been joined by Livermore—but the two laboratories work very closely 
together and their scientists are certainly knowledgeable of everything 
that has taken place in the tests thus far—they have the translations 
of what the Russian tests have been insofar as we are able to detect 
them, and could you not agree with him that 50 megatons would be 
about the total for 5 years and 10 for each year ? 

Dr. Larr. I believe the agreement is very close, and I would certainly 
go along with Dr. Langham. The range of estimates for the test 
limit for the injection of radioactive material, assuming equilibrium, 
runs in the range of from 2 to 10 megatons, according to the discussion 
before this committee at the round table of Dr. Neuman and Dr. 
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Langham, Dr. Eisenbud, Dr. Kulp and one other person whom I 
have forgotten. 

Because of the way I have made estimates before, I have used a 
value of 3 megatons per year, with a factor\of 3 either way. In other 
words, it might be as low as 1 megaton per year or it might be as high 
as 9 megatons per year. One can see from this that our own test 
rate has exceeded this value. If we take three, it is exceeded about 
twice. If we take 10, it has exceeded once plus the Russian contri- 
bution, which would be a global passing limit of 2 times in the past 
decade. 

This is assuming equilibrium. You are going to have to have more 
tests before you will load up the stratosphere. So from the stand- 
point of being reckless, the United States has not yet exceeded the 
limit. 

I would like to make that very clear. I do not think my written 
statement adequately brings that out. 

I realize I am ais a great deal of the committee’s time, and I 
would like to go through some of my testimony relatively quickly. 
Perhaps the question of the future nuclear tests should be discussed 
briefly. I think in dealing with future commitments of radioactive 
debris to the earth’s atmosphere we must deal with many unknowns. 
Had we attempted an estimate 5 years ago prior to Castle-like weapons 
we would have arrived at most misleading and optimistic projections. 
The end of weapon development is not in sight, and no one can say 
that unexpected developments may not occur. For example, may not 
smaller nations be stimulated by British success with thermonuclear 
type weapons and place maximum emphasis upon such development ? 

Additionally, can we be sure that a nation would restrain itself and 
not test a 100 megaton dirty weapon if military requirements and nu- 
clear technology indicated that such a weapon was desirable in its own 
security interests. 

Will not the requirements of adapting maximum megatonnage to 
a small warhead put emphasis on further development of dirty 
weapons? 

I cannot answer these questions at this time, but I know that single 
weapons tests of very high fission yields can add a strontium burden 
to the atmosphere far beyond the limits we have been discussing here. 

The United States has contributed the largest fraction of the radio 
strontium to the stratosphere, and I think it is distinctly encouraging 
that the fullest discussion of the strontium fallout should occur in this 
country. I am not aware of any large body of published information 
on this subject of Soviet origin. It is known, however, that the Soviets 
are engaged in strontium studies. 

In concluding this section, I would again like to stress Dr. Libby’s 
contributions to this subject: They are of very great value and I feel 
sure that we would be in a much poorer position today to evaluate the 
strontium problem were it not for Dr. Libby’s personal interest in this 
oa of investigation and the research which he has pushed so vigor- 
ously. 

On the strontium problem itself, I would like to state briefly 
strontium 90 determinations in man must be expanded to assess the 
increase in strontium 90 burden which will occur in future time. Cave- 
ful determinations of natural strontium in humans deserve increased 
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attention. We know that more strontium 90 will accumulate in hu- 
mans as a result of bombs tested in the past and as a result of current 
tests. I believe that Dr. Selove is going to give a further discussion 
of this. The determinations as to how much of the radio element may 
be tolerated safely is a matter for the biologists to discuss. 

This committee has heard a fairly wide range of opinion from its 
expert witnesses on the probable biological effects of strontium 90 in 
man. But it seems to me that even in this area some agreement was 
reached, especially when Dr. Shields Warren stated on June 3: 

I would be reluctant to see the average strontium 90 content of bones, par- 
ticularly in children, go much above 10 times the present level. 

Dr. Libby’s speeches show that the strontium 90 fallout will con- 
tinue, and the strontium 90 level in human bones will increase. 

I believe that unless restraints are imposed upon commitments of 
fission products to the atmosphere, it is only a matter of time before 
the strontium 90 level of Dr. Warren will be reached. 

I would not be able to extrapolate that curve very well into the 
future to determine this. 

I would like to jump to constructive proposals—at least I believe 
they are constructive—if I may just insert one comment here. 

A colleague, Dr. Jack Shubert, who is presently at the Laboratory 
for Inorganic Chemistry in Zurich, Switzerland, from the Argonne 
National Laboratory, and he has been in Britain recently and dis- 
cussed data with the British on the question of the relative sensi- 
tivity, I would like to quote from a letter I received last night from 
Dr. Shubert: 


It used to be thought that at least 1,000 roentgens of absorbed radiation would 
induce cancer. Within the past few years, it has been found that as little 
as 200 roentgens delivered to children would induce cancer in later life. Now 
it has been found (this is by the British) that as little as 3 to 5 roentgens re- 
ceived by the unborn child in its last 2 months before birth has been respon- 
sible for cancer of all types appearing a few years later. 

I believe that this statement from Dr. Shubert which represents 
the final conclusions of the data of Dr. Alice Stuart in England, is 
significant in that it does show that the incidence of cancer malig- 
nancy in children correlates with the X-ray of women prior to term. 
This is diagnostic use of X-rays which in the case of X-rays may 
involve of the order of a few roentgens, an amount which was thought 
harmless. 

I believe also that this would have significant bearing upon the 
question of the threshold. 

In order to allow time for my friend, Dr. Selove, may I jump 
quickly to my proposals and read them for you. 


A. ATOMIC ENERGY COMMISSION INFORMATION POLICY 


I suggest that this committee or its parent committee may wish 
to review the information policy of the Atomic Energy Commission, 
and I might add the Defense Department, with regard to nuclear 
weapon effects, with a view toward revising this policy so that in- 
formation may be made available more promptly and completely. 
Y am thinking particularly of the relations of the Atomic Energy 
Commission with the press. I believe that the national interest de- 
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mands a better relation, a freer flow of communication between the 
Atomic Energy Commission and the press. 

My second proposal, I suggest that the Joint Committee on Atomic 
Energy might wish to recommend or to sponsor the preparation of 
an analysis of the probable biological effect of nuclear warfare. It 
would be useful to investigate probable lashback effects from vari- 
ous levels of nuclear bombardment. What I am thinking of under 
this category of lashback is the fallout which would occur upon the 
country which uses the nuclear weapon itself. That would be the 
remote tropospheric fallout. 

The third point, data useful to civil defense. I believe that the 
committee’s investigations have produced information of critical 
value to the civil defense planning. It might be useful to have a 
summary report of these data transmitted to the FCDA. I say that 
because I personally have not seen many representatives of the FCDA 
at these hearings. | 

Research in long-range estimation of nuclear explosives. It is 
known that considerable effort has focused on long-range detection of 
nuclear detonations. Attention should be given to the declassification 
of such data as would bear upon evaluation of the radio strontium 
problem. In particular I have in mind helping us to estimate how 
much the Russians are contributing, if this can be done, without jeop- 
ardizing sensitive data. Other data would be most useful in discussion 
of the feasibility of policing an agreed upon test limit, if one could 
get a multilateral agreement. | | 

Annual fallout report. In view of the great public concern over fall- 
out hazards, I would urge that the Atomic Energy Commission be re- 
quired to issue an annual report on the degree of fallout and its uptake 
in biological systems. Perhaps the Atomic Energy Commission might 
wish to have that report prepared by a university task force. 

Finally, I would urge that the Congress continue its investigations 
of radiation hazards, extending them into the broader area of peace- 
time uses of radiation. I believe that the ever-increasing uses of radia- 
tion must be subject to legislative controls. Radiation protection in 
the United States needs, in my opinion, uniform legal status. 

Representative Horirretp. Thank you very much, Dr. Lapp. Un- 
less there are questions, we will hurry on to our next witness, Dr. 
“ae in order that we might finish with him in time for the con- 

erence. 

Representative Corz. Mr. Chairman, I should like to ask a few 
questions of Dr. Lapp, in order only to clear up what appears to be 
a conflict or some discrepancy in statements with respect to his ex- 
perience and connection with the atomic energy program. 

Dr. Lapp, have you seen the biography of yourself which has been 
prepared by the Joint Committee ? 

Dr. Lave. Lam sorry, I did not. ya: 

Representative Corn. I wish you would look at it if you would to 
see if that is a correct representation of your activities in the field of 
atomic energy. 

Representative Horirretp. I understand that the staff took that 
from the American Men of Science compilation. —— 

Dr. Lapp. I believe it is correct from cursory examination. 

Representative Corn. I would call your attention particularly to 
that part of the biography which states that you were Deputy Execu- 
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tive Director of the Atomic Energy Commission Joint Research and 
Development Board during 1947-48, and Executive Director during 
1948-49. The information which has been given to me from reliable 
sources is the fact that you have never been an employee of the Atomic 
Energy Commission. 

Dr. Lave. That is correct. 

Representative Corx. That is why I am giving you an opportunity 
to clarify this apparent discrepancy. 

Dr. Larr. May I read what it says here? It says, “Deputy Execu- 
tive Director, Atomic Energy” and then there is an unusual abbrevia- 
tion “Cmm Atomic Energy Committee of the Joint Research and 
Development Board,” which was part of the Defense Department. It 
was Vannevar Bush’s show. I am happy you brought this up. Fre- 
quently (I give lectures) I am introduced in a way which is em- 
barrassing to me because it is-incorrect. I have been: introduced as 
everybody from the Chairman of the Atomic Energy-Commission on 
down the line. This statement actually is correct, if you understand 
that is committee and not commission. | 

Representative Corn. How can you possibly. get committee out of 
“Cmm’” 2 

Dr. Lapp. Iam not responsible for this. Iamsorry. 

Representative Core. Then at any rate it is a fact that you have 
never been an employee of the Atomic Energy Commission or a con- 
sultant to the Commission. 

Dr. Lapp. That is correct, Mr. Cole, I have never represented myself 
as such. . 

Representative Corn. I am not saying that you did. I am simply 
trying to give you an opportunity to clarify the facts of your experi- 
ence in this field. | 

Dr. Lapp. Iam glad to have this opportunity to state on this record 
that is correct. | ; 

Representative Corr. I further call your attention to the item 
“Head, Nuclear Physics Branch, Office of Naval Research, Department 
of Navy, 1949-52.” yt 4 

Dr. Lave. That is incorrect. 

Representative Corr. That is incorrect ? 

Dr. Lapp. That is incorrect. 

- Representative Corr. What is the fact ? 

Dr. Lapp. It was Acting Head, Nuclear Physics Branch, Office of 
Naval Research, Department of the Navy, 1949. 

Representative Corr. 1949? 

Dr. Lave. Iamsorry. Again I am not responsible for that. 

Representative Corn. It is the fact that in 1949 you resigned from 
that post with the Office of Naval Research. 

Dr. Larr. That is correct. 

Representative Coxx.. I do not press you on it, but would you care to 
give your reasons for your resignations ? 

Dr. Lapp. I stated on the record that I resigned of my own volition 
at that time. ; 

Representative Corn. Iam sure you did of your own volition. Were 
there peculiar circumstances surrounding the resignation ? 

Dr. Lapp. I had taken the job with the Atomic Energy Commis- 
gion—pardon me, you have me mixed up—at the invitation of Dr. 
.Widdel as a temporary appointment while he slid out from the posi- 
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tion of Head of the Nuclear Physics at that time. I took it for a short 
time and then resigned, I think, in June of 1949, Mr. Cole. 

Representative Cotz. Then there were no unusual circumstances 
that prompted your resignation ? | 

Dr, Lapp. I think I would have taken this job only for a short time. 
I was lecturing or beginning to lecture. I was finding it difficult to 
lecture and also be employed by the Defense Department. But the 
job was temporary. 

Representative Cotz. That is all Lhave, Mr. Chairman. 

Dr. Lapp. May I read the rest of this to make sure there are no other 
corrections? I believe it is correct as it stands now, as corrected. 

Representative Van Zanpt. Mr. Chairman, there still is in the rec- 
ord this statement attributed to Dr. Lapp, “reckless or nonsubstanti- 
ated statements do a disservice to the AEC and to the Nation.” This 
statement was directed at Dr. EKisenbud, Dr. Libby and Dr. Doan. I 
would like to ask the Chair if we are going to give these three dis- 
tinguished Americans an opportunity to answer the accusation ? 

Representative Hotirmrp. Yes, sir. Would the committee like to 
have them come forward at this time or would you like to go forward 
with the next witness and have that take place in the conference? 

Representative Cotz. Mr. Chairman, if we are through with Dr. 
Lapp, I would strongly urge that we invite Dr. Eisenbud, who is in 
the audience, to come immediately to respond to Dr. Lapp’s charge. 

Senator Hickentoorrr. Mr. Chairman, I would suggest that we fin- 
ish with Dr. Lapp first. I have some questions I would like to ask. 

Representative Hotirm ip. Senator Hickenlooper has some ques- 
tions, Dr. Lapp. 

Senator Hicxentoorrr. Dr. Lapp, have you ever done what might 
be called extensive works in genetics under your own responsibility in 
connection with the effects of radioactivity on human cells? 

Dr. Larr. No, sir. 

Senator HickeNn.oorrr. Have you ever done any research in biology 
and medicine in connection with the effect of radioactivity on the genes 
or other parts of the human body ? 

Dr. Larp. I have never done any research on genetic effects. 

Senator HickenLoorrr, Have you ever conducted any research your- 
self on the fallout or its intensity in this country? By that I mean 
any laboratory research of any extent. 

r. Lapp. I have made some simple measurements myself, but my 
data here and my testimony is based upon the data of the Atomic 
Energy Commission. 

Senator Hickennoorer. That was the next suggestion that I wanted 
to make. J have the impression here—I do not know whether I am 
correct or not—that you are appearing here more in the nature of a 
reporter or a correlator with some considerable educational back- 
ground, I admit, of the scientific data as you personally interpret it, 
which has been compiled by a number of eminent scientific people who 
have actually done the work. 

Dr. Larr. I believe the invitation that was extended to me by the 
committee more or less put me on these lines of testimony. sts 

Senator Hicken.oorer. Yes. The only purpose of this suggestion 1s 
that you are not here, while you are a scientist in your own right on 
your education, giving firsthand evidence based upon data with which 
you have been acutely or intimately connected in connection with its 


1268 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


development. So you are reporting what you have read or what you 
have been told by others with varying degrees of accuracy and draw- 
sig el own conclusions. 

r. Lapp. Mr. Hickenlooper, I think it is a fair statement to say that 
T have done considerable work based upon information made available 
by the Atomic Energy Commission and scientists in general. I have 
done active work in gathering data from people, especially as every 
Scientist will do, when available. 

Senator Hicxenroorrr. I know that. I make the point that there 
are several very eminent newspaper reporters in the scientific field 
who have also done a tremendous amount of work of gathering data 
and yet they have done no research of their own. They are reporters 
and in a very proper field they are reporting what they find. I merely 
have the impression that you are here today in the nature of a reporter 
or a compiler of information which you are interpreting as you see 
it. As differentiated, I might add, from the testimony of most of the 
rest or all of the rest, perhaps, of the witnesses we have had here who 
have been intimately working in this field and present the results in 
the main on their own experience, and the results of their own work. 

Dr. Lapp. I believe, Mr. Hickenlooper, this is within the frame- 
work of the outline which requested me to testify. 

Representative Hoirievp. I am very sorry. In order to correct 
the record, the Chair will have to state that Dr. Libby is a chemist, 
and the information he has given us in every field of science has been 
obtained from his association with other scientists and reading of 
other materials. So in order to keep the record straight, let us have 
the facts spread there that it is not only Dr. Lapp who had studied 
the other scientists’ work and reported on them, but also Dr. Libby, 
one of the AEC Commissioners. 

Dr. Lapr. May I say in general response, not specifically to Mr. 
Hickenlooper, that I admit to being critical of the Atomic Energy 
Commission. My criticisms of the Atomic Energy Commission, I al- 
ways felt, have been directed toward trying to bring the facts out 
into the open, and the free play of public discussion. As Dr. Libby tes- 
tified this morning, some of the problems involved here transcend the 
area of science. I have felt that this is important. I have tried to 
help in the somewhat new but I think important problem of education 
in science. 

Senator Hickentoorrr. Then where do you obtain your facts? Do 
you have access to restricted data ? 

Dr. Lapp. I have no access to restricted data, Mr. Hickenlooper. 
The facts that I have presented here are based upon information which 
is available freely in the scientific domain. 

Senator Hickentoorrr. Not only in the scientific domain, but from 
the Atomic Energy Commission also. Is that not true? 

Dr. Lapp. Such data as the Atomic Energy Commission published. 
We were assured this morning by Dr. Libby that all of the data except 
for a very small fraction dealing with a long-range detection on 
Project Sunshine had been put in the public domain. 

Senator Hickentoorer. What information do you have that the 
Atomic Energy Commission is not making available, if you have no 
access to restricted data, and if your information comes from data 
freely available from various sources including the Commission ? 
Does not that indicate that data is being made available? 
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Dr. Lave. If I may respond to the question, Senator Hickenlooper, 
my complaints in the past about the slowness with which the Atomic 
Energy Commission emitted data, which I thought were vital to civil 
defense, were, for example, that the data were not available. They 
had to be derived by me from other sources, other than the Atomic 
Energy Commission. As for example, the scientific data from Japan. 
Thus I think the fact that later on the Atomic Energy Commission 
actually confirmed through its pronouncements that these results were 
correct testified —— 

Senator Hickrntoorrr. Have you had an opportunity to go through 
the data in minute detail from Japan, examine the records and all 
the data that they have developed, or are you relying entirely upon 
the verbal statements of certain scientists made to you in the course 
of your visits with them ? 

Dr. Lave. No. I have been in communication with Japanese scien- 
tists for some time. I have received letters and photostats and copies 
of their scientific papers, in some cases prior to publication. 

Senator Hrckentoorer. Thank you very much. 

Representative Coz. Mr. Chairman, I had intended to interrogate 
Dr. Lapp just a little bit about his visit to Japan earlier when he 
referred to his visit in his statement. While I hate to keep him on 
the stand unduly, I am curious to have his observations on two points. 

One is, Dr. Lapp, that you were registered as one of the scientists 
who would attend the conference. : 

Dr. Lapp. Yes. : . 

Representative Corr. And yet you did not attend the conference. 

Dr. Larr. No; I did attend, Mr. Cole. 

Representative Cots. It was reported to me, and the reason I raise 
the question is because that same question was raised by a number of 
persons who were there, as to the reason why you had not attended 
the conference. 

Dr. Larp. I would be glad to explain this. 

Representative Cotz. That is one point. Then the other, since you 
remained in Japan after the conference was concluded, I am interested 
to have your observations with respect to the accomplishments of the 
conference, 

Dr. Lapp. On the first point, I arrived in Japan on, I believe, May 
1, considerably in advance of the conference. It was my firm intention 
to attend every session of the conference, because I am very much in- 
terested in the work of the Atomic Industrial Conference. However, 
when I got to Japan, I found myself in a pretty mad race because 
I was digging up some data on the Lucky Dragon story, interviewing 
some of the fishermen who were in this unlucky boat; and I wanted to 
visit Hiroshima and visit some scientists in the various places. I 
found that when I had to deal with just the problem of hours spent 
in talking with the fishermen that by the time I got back to Japan 
the conference had already started. This was unavoidable, but I had 
to meet people at certain places. rae 

Then the amount of commitments I had with the press and visiting 
the Lucky Dragon itself precluded my going to more than one session. 

Representative Corn. Which session was that? It does not matter. 

Dr. Lapp. I can give it te you. I did attend that. I wanted very 
much to attend the Turtheon and dinner sessions. I had all the me 
and I just could not use them. For example, the one night I wan 
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to do that, I think I was invited to a banquet by one of the prominent 
newsmen. So I, unfortunately, did not have much time. 

As for the second point, just what was my reaction, I did not have 
too much opportunity to discuss with the Japanese scientists their 
reaction to the conference, but I gathered from conversation with a 
few of them that they were greatly impressed with the conference. It 
was very well managed. It was well attended. I think they were 
very much impressed with the general conference. 

Representative Corn. Then your conclusion is that it was a very 
worthwhile conference. 

Dr. Larp. I would say so. 

Representative Coz. That is my own conclusion. 

Dr. Lape. Yes. 

Representative Corr. I can also verify your statement that it was 
an extremely well-organized conference involving.a considerable num- 
ber of people. There were some meetings that were attended by as 
many as 4,000, 5,000 and 6,000 Japanese. It was an unusually well- 
organized conference, probably the first international conference of 
industrialists and scientists that has ever been held. 

Dr. Larp. I would in no way like to detract from the value of this 
conference... My only regret is that I was able to attend so few ses- 
sions. I cut short my visit in order to come back here. I would have 
liked to stay in Japan much longer. 

Representative Cote. My only basis for concluding that you had 
not attended the sessions of the conference is that I inquired—because 
I looked forward to seeing you there—inquired at the registration 
desk at the end of the conference, and they said you had not, so far as 
they knew, attended the conference, and the papers in the box—there 
was a slot for each of the delegates—were still there. 

Dr. Lapp. I have the papers in my office, Mr. Cole. Again I re- 
gret, and no one does more than I, that I could not attend these con- 
ferences. I was working. The press in Japan can at times be very 
aggressive. Perhaps you found that out yourself. 

Representative Coz. Yes. 

Dr. Lapp. I found myself going to a 15-minute interview and end- 
ing up with a 2-hour luncheon. . 

Representative Corr. Now, with respect to your sources of informa- 
tion, Dr. Lapp, you. have indicated that your observations back 
through the years are based on reports and studies of unclassified 
data that have come to your attention. Are they not, also based on 
discussions with other newspapermen and analysts in this field, such 
as yourself ? 

Dr. Larp. I am proud to say that I communicate with a great many 
members of the press. 

Representative Horirterp. Mr. Eisenbud, you are now given an op- 
pore to reply to the comment of your colleague in science, Dr. 

app. 

enator Anprrson. Before you do so, Mr. Eisenbud, may we sort 
of follow along in this same pattern of qualification? I look at your 
qualifications in here, and I see “EE, New York University.” ‘Does 
that mean “electrical engineer” ? 

Mr. Exsensup. Yes. 

Senator Anperson. What subsequent degrees have you acquired? 

Mr. Etsenzup. I have no subsequent degrees. 
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Senator Anprrson. Just the degree as electrical engineer? 

Mr. E1srnsup. Many years ago; yes, sir. 

Senator Anprrson. I see you spent more time working for the Lib- 
erty Mutual Insurance Co. as a hygienist than anything you have done 
in your life and more than all the rest of your experience put together ; 
is that right? Eleven years with them, and only 10 years since then. 

Mr. Eisensup. That is about right. 

Senator ANpeErson. I am not trying to be critical, because I tried 
to speak appreciatively of what you had done a few moments ago. As 
a hygienist, did you ever have occasion to get into the question of de- 
posit Be ane 90 in the atmosphere for the Liberty Mutual Insur- 
ance Co. 

Mr. Ersrensup. This was previous to 1947. Up until that time very 
little strontium 90 had been formed in this world. The radiaition 
problems of those days were X-ray and radium. We were only be- 
ginning to get interested in the kinds of things which we are talking 
about today. 

Senator ANprERSON. The field that you were in had to do with the de- 
tailed discussion of the occurrence of strontium 90 and cesium 137 
in the atmosphere, biosphere, and its uptake and behavior in man. 
What was there in your electrical engineering course that dealt with 
that? 

Mr. Etsenzup. Very little, sir. Buta great deal in some 21 years of 
professional experience, during which time I have attained the rank 
of adjunct professor of industrial medicine at New York University 
Medical School. 

’ Senator ANperson. What was there in this work with the Liberty 
Mutual Insurance Co. as a hygienist that started you off lecturing on 
medicine? 

Mr. Exsrenzup. I got interested, about 22 years ago, in a legitimate 
subject for a young electrical engineer, namely, the electrical charges 
on dust, and went from there to the general physical properties of dust, 
and then into the physiology of dust and dust diseases, and spent a 
great deal of time from 1936 until 1947 studying the general behavior 
of dust, not only in the atmosphere, but in the lung and in the body. 

Senator ANprErson. Your paper was headed, “A Measurement of 
Strontium 90 in Geophysical and Biological Material.” Are you a 
geophysicist ? 

Mr. Ersenzup. Sir, I do not know, really, how to answer that. I 
think anybody that has some interest or qualification in geography and 
geology and some in physics could at least write on the subject of 
geophysics, but I am not a geophysicist. 

Senator ANpErson. Are you a biological worker. 

Mr. Eisenzup. I work in the biological field. I, myself, am not a 
biologist. 

Senator AnpErson. Have you conducted experiments in this meas- 
urement of strontium 90? 

Mr. E1sensup. I have directed the experiments, and have conducted 
some myself. 

Senator ANprrson. Have you conducted them? Have you done any 
ppeumental work eaiirsoltt 

. Exsensup. The experimental work was performed under my 
eee al supervision. t have done some of the experimental work 
myself, 
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Senator ANnprerson. Most of it was done under your supervision ? 
Mr. Exsensup. This has been a large program. This is much too 
large for one man. It was done by my immediate staff. 
enator ANpERsON. Then you are here as a reporter of what someone 


else has done. eT 
(A letter from Merrill Eisenbud, setting forth a full record of his 


qualifications, follows :) | 


UNITED STATES ATOMIC ENERGY COMMISSION, 
NEw YorK OPERATIONS OFFICE, 
New York, N. Y., July 12, 1957. 
Mr. Hat HOoO.Liister, 
Staff Member, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D. C. 


DeAR Hav: You will undoubtedly recall that during the proceedings of June 
5, the question of my professional qualifications was raised by Senator Anderson. 
If this portion of the testimony is to be included in the published proceedings, 
it would be desirable, for the sake of completeness, that a full record of my 
qualifications be incluced as well. The attached curriculum vitae is somewhat 
more complete than the record to which Senator Anderson referred and which 
I believe was the Men of Science abstract. 

I am also attaching a list of my publications. I do not wish that this list be 
included in the proceedings but I simply submit it as a matter of record for 
the files of the subcommittee. 

I continue to hear favorable reports about the hearings. We all look forward 
to the final proceedings. 
With best regards. 

Sincerely, ; 
MERRIL EISENBUD, Manager. 
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1950- 
Technical advisor, United States delegation, U. N. Conference on the Peaceful 
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Atmospheric Contamination, Chapter 11, Radiation Protection published by 
Thomas & Co. (in press). 

Radioactive Fallout in the United States, Science, Vol. 121, No. 3150, pp. 677- 
680 (May 138, 1955) (with John H. Harley). 

Health Hazards from Beryllium, Chapter 12, published in The Metal Beryllium 
by the American Society for Metals, 1955. 

Industrial Hygiene and Medical Survey of a Thorium Refinery, Arch. of Indus- 
trial Health (March 1955) Vol. 11, pp. 234-242 (with Roy Albert, Paul 
Klevin, John Harley, J. Fresco and W. B. Harris). 
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Radioactive Dust From Nuclear Detonations, Science (Feb. 1953) Vol. 117, No. 
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Dust Sampler Which Simulates Upper and Lower Lung Deposition, Arch. Ind. 
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Gontaminants, Arch. Ind. Hyg. and Occup. Med. (June 1953) Vol. 7, pp. 490- 
502 (with W. B. Harris and H. D. LeVine). 

Retention, Distribution and Elimination of Inhaled Paxtisniates: with Partic- 
ular Reference to the Evaluation of Radiologic Risk, Arch. Ind. Hyg. and 
Occup. Med., (September 1952) Vol. 6, pp. 214-225. 

Epidemiology of Beryllium Intoxication, Arch. Ind. Hyg. and Occup. Med. 
(August 1951) Vol. 4, pp. 123-151 (with James H. Sterner). 

A Method of Obtaining Reproducible Breath Radon Samples, Arch. Ind. Hyg. 
ie oR Med. (July 1951), Vol. 4, pp. 1-9 (with John H. Harley and Evelyn 

etter). 

Meterological Technics in Air Pollution Surveys, Arch. Ind. Hyg. and Occup. 
Med. (January 1951), Vol. 3, pp. 90-97 (with W. B. Harris). 

Radiation Hazards in the Atomic Energy Program, Ind. Med. and Surgery, 
(January 1951), Vol. 20:1, 7-11. 

Fire Protection Precautions for Uranium Scrap and Powder, Nucleonics (May 
1950), Vol. 6, No. 5, pp. 84-37 (with Edward J. Kehoe and Francis L. 
Brannigan). 

Nonoccupational Berylliosis, J. Ind. Hyg. and Toxicol. (1949) Vol. 31: 5 (with 
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Environmental Studies In Plants and Laboratories Using Beryllium: The Acute 
Disease, J. Ind. Hyg. and Toxicol. (1948) Vol. 30:5 (with C, F. Berghout 
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Health Hazards In Aircraft Manufacturing, Industrial Medicine (March 1949) 
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The Comparative Performance of Air-Supplied Welding Helmets, Welding 
Journal (April 1948) (with Leslie Silverman). 
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Mercury Exposures In Dry Battery Manufacture, J. Ind. Hyg. and Toxicol. 
eae 1947) Vol. 29, No. 6 (with Charles R, Williams and Stanley BE. 
Centrol of the Lead Poisoning Hazard in Can Manufacturing, J. Ind. Hyg. and 

Toxicol. (December 1945), Vol. 27, No. 10 (with J. W. McEwan). 

The Principal Health Hazards in Metal Finishing Departments and Their 
Control, Metal Finishing (1942). 
Mr. Etsensup. Thank you. | 

Iam deeply gratified, Mr. Chairman, at the opportunity to cor- 
rect the record with respect to the item which Dr. Lapp has included 
on page 2, paragraph C, in which he quotes a New York newspaper 
sentence anc illustrates what, I think, needs not be illustrated ; namely, 
the danger vf taking something out of context. The date of that quo- 
tation is March 20, 1955. This was a very jittery period. This was 
immediately following the announcement within the AEC of the re- 
sults of the March 1, 1954 detonation.in the Pacific.. It also coincided 
with the beginning of the Teapot series of detonations in Nevada, 
which, if my recollection is correct, began a week or two prior to this 

wnnouncement, or perhaps shortly thereafter. p 
In any case, the fact that the first post-Castle detonations were 

about to take place in Nevada was very much in the minds of many 

of our citizens. | 

This reporter came to me to find out whether, in my opinion, the 
kind of accident which occurred in Bikini in 1954 could happen in this 
country as a result of the test being contemplated or already under- 
way in Nevada. We were not talking about the long-range hazards 
of fallout. We were not talking about strontium 90. We were talk- 
ing about the kinds of acute effects which one had, unfortunately, seen 
in both the Marshallese and Japanese fishermen in 1954. 

My comment, which may or may not have been quoted accurately— 
[ really don’t know—had to do, primarily, with the relationship of 
acute effects to the kinds of radiation levels that are expected from the 
Nevada test, which are of the order of 1 milliroentgen or thereabouts, 
at least, in the United States. 

Senator Anperson. Mr. Eisenbud, this statement was made on 
March 20,1955. I understand you do not question the accuracy of the 
quotation. | 

Mr. Eisensup. I do not question the accuracy of the quotation nor 
will I certify it nor will I certify the accuracy of Dr. Lapp’s quota- 
tion of a quotation. 

Senator Anprrson. If it should prove he is accurate you are willing 
to stand by it. 

Mr. Eisenspup. I am willing to accept this version of it. 

Senator Anprrson. The testimony introduced by Dr. Lapp and the 
chart introduced showed that we had the Castle series in 1954 in which 
we had put in the atmosphere more fission products perhaps in that 
year than we have put in all the rest of the tests together. There- 
fore we were at our highest peak when you made your comment. The 
figure was several times above the figure which Dr. Langham has said 
jis a safe figure year by year. 7 

It is your testimony that we could do a million times that and do no 
damage. bot 

Mit, Exsenzpup. No; sir. This was not the question which was asked 
of me. I was asked specifically whether there was any possibility in 
the eastern United States of an accident which would produce the 
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kinds of illness among the people that were seen in the Marshallese 
and Japanese fishermen. ; 

This would require around 100 roentgen. ‘The radiation doses which 
had been observed were something less than a milliroentgen. This is 
a ratio of about a million to one. When you put it into context it is 
perfectly accurate. 

Senator Anprrson. That is what I am trying to get to. We had 
just finished the Castle series. You would agree with that; would 
you not? . 

Mr. Ersensup. That was a year before. 

Senator ANDERSON. We had finished them in 1954 and this state- 
ment was made March 20, 1955. We had finished. the Castle series, 
had we not ? | 

. Mr. Ersenpup. Yes, sir. ; 

Senator ANDERSON. You said the total fallout to date from all tests 
would have to be multiplied by a million to produce visible deleterious 
effects except in areas close to the explosion itself. It is your testimony 
that having put that year into the stratosphere, or sa 2 fallout 
pattern there was, something in the neighborhood of 30 megatons of 
fissionable products, that we would have to put a million times that for 
it to have any ill effect except in the immediate vicinity of the test. 
Is that correct? | 

Mr. Ersensup. That is incorrect. 

Senator Anperson. You think that is a somewhat reckless state- 
ment ¢ | | | 

Mr. Etsenpup. This is not what I said. 

Senator Anperson, That is what: I am trying to get to. The paper 
misquoted you. 

Mr. E1senpup. No, sir. I have not seen that quotation in 2 years. 
This sentence is out of context. 7 

Senator Anperson. I am reading it to you. If it should prove to 
be an exact quotation, is it a reckless statement ? 

Mr. Esenspup. Out of context; no. 

Senator Anperson. In or out of context, is it a reckless statement to 
say that the Castle test which included an extremely large shot which 
turned loose in one series of tests as much fission products as probably 
all the rest of the tests by all the rest of the countries? If you can 
place reliance on the data gathered at Los Alamos, do I understand 
m context or out of context, you could have a million times that and 
have no visible deleterious effects except in the immediate area? Do 
you wonder that looking at that statement Dr. Lapp thought it might 
be a slight degree of recklessness ? 

Mr. Exsenzup. Sir, I would like Dr. Lapp to comment on what I 
ave 

Senator Anperson. The point is that they wanted to give you an 
opportunity, and this is your day. 

Mr, Eisensup. Yes, sir. I think Dr. Lapp will probably under- 
stand what I am talking about. Let me say this, sir: I think it is a 
great misfortune 

Senator Anperson. Dr. Lapp was treated critically because he had 
used this language. They said in all fairness you would have an op- 
portunity to reply. This is your hour for fairness. Why don’t you go 
ahead and reply ? | 
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Representative Corz. I think he would if you let him. . 

Mr. Eisrnzup. I think it is a great misfortune, sir, that to add to 

ublic confusion we find it necessary to discuss in the same session the 

ong-range hazard and the close in hazard. For most of these sessions 
we have been talking about the long-range hazard from strontium 90 
and from the gamma radiation. 

In this interview I was talking about the close-range hazard, the 
kind of hazard that may develop within a few hours after detonation 
and the kind of hazard which produced illness in the Marshallese and 
Japanese in 1954. 

Senator Anprrson. Then from the close-range hazard—we will just 
confine it to that—since we put some 30 megatons of fission products in 
the atmosphere in the Castle test just passed, you believe that we could 
safely put a million times that in a single year in a test without doing 
any damage ? 

Mr. Etsrennup. Certainly not, sir. 

Senator AnpERson. What were you talking about? If itis not from 
the close range or long range, what other range is there ? 

Mr, Eisnnzup. I was talking about the immediate gamma radiation 
from the fallout which occurs in the eastern United States within a 
matter of a day or so after a detonation in Nevada. This is not in the 
statement because the statement has been taken out of context. 

Senator AnpERSON. Could that have been apparent if Dr. Lapp had 
read the whole interview ? 7 

Mr. Ersrnzup. I can’t vouch for the validity of the interview, sir. 
I do not recall this. 

Dr. Laver. I would like to make this statement in all fairness to Dr. 
Kisenbud, and I certainly do not mean to attack his integrity. The 
reason for quoting these and the use of the word “reckless” was to dem- 
onstrate the need for being quite exact when dealing with such a 
touchy subject as radioactivity. I am trying to interpret this reckless- 
ness not in terms of Dr. Kisenbud’s personal recklessness but in terms 
of how it may appear to people who read these things and who do 
read single sentences. . 

Senator Anprrson. I quite agree with you. I tried to say earlier 
that I think Mr. Eisenbud is a very fine public servant. I went up to 
him and told him that I appreciated very much the testimony he gave 
the other day. I did not regard your statement about him as a vicious 
attack upon him, But if it comes down to whether it was reckless, 
there are people who read that statement alone who would think it had 
just a slight tinge of recklessness in it, since the Castle test had just 

een finished. 

Dr. Lapp, May I ask a question of Dr. Eisenbud? Is this per- 
mitted ? 

Representative Coir. Don’t look at me. 

Representative Horr. I think 

Dr. Larr. I would like to ask one single question. 

Representative Horirretp. You might ask the Chair a question. 

Dr. Lave. I would like to ask the Chair a question, as to what the 
roentgen dosage on the fallout on Troy, N. Y., was. 

Representative Horirmp. The Chair has been told, but the Chair 
has temporarily forgotten now. The Chair will ask Dr, Eisenbud 
if he recalls. 

Mr. Ersenpup. Yes, sir. It has been variously estimated, 

Representative Hortriexp. Is it an unclassified amount t 
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Mr. Eisenpup. It is unclassified. It was published 3 years ago. 
The upper limit of estimate is something under 100 milliroentgen. It 
loses about 1 milliroentgen. I would personally estimate it at about 
10 milliroentgen. | 

Representative Houirmip. The Chair thanks the gentleman for 
that information. 

Representative Coir. Could I inquire, in order for the information 
to be helpful, if these samplings that occurred were related to what 
tests? When were the samplings taken which you say indicated an 
upper limit of 100 milliroentgen ? 

Mr. Exsenpup. I believe it was the third or fourth test of the series 
held in Nevada in the spring of 1953. There was a rain out over the 
Troy-Albany area which coincided with the passage of a cloud from 
Nevada. So that a very large percentage of this cloud was washed 
down. 

Senator ANnprerson (presiding). Are there additional questions or 
statements ? 

Representative Van Zanpr. Dr. Eisenbud, I understand your posi- 
tion is that the statement that Dr. Lapp attributes as being a reckless 
one was taken out of context. 

Mr. Eisenpup. Yes, sir. 3 

Dr. Lapp. Is it proper for me to respond? I have done a little 
arithmetic. Let us take 10 milliroentgens, as Dr. Eisenbud estimates, 
and we multiply 10 milliroentgens. That would be .01 roentgens by 
10 to the sixth, which will give us 10 to the fourth, which is 10,000 
roentgens. 

Senator ANnpErsON. 10,000 roentgens would kill everybody in sight. 

Mr. Esensup. Yes. . 

Senator AnprErson. So that would mean there would not be any 
immediate danger if you kill everybody in sight? 

Representative Pricr. Mr. Chairman, one of the points that we do 
not want to overlook is that Dr. Lapp is trying to point out the 
responsibility of the Commission to release information as promptly 
as possible so that these types of statements would not be made. Is that 
not one of the reasons for you citing this statement ? 

Dr. Larp. I really feel if we had better relations here between the 
press and the Atomic Energy Commission we could in a minute avoid 
much of this difficulty. 

Representative Price. That is the reason I understood that you 
gave this example. 

Dr. Lapp. Yes. 

Senator Anperson. May I say, Mr. Eisenbud, that I am truly sorry 
that Dr. Lapp’s quotation has caused any embarrassment. I want to 
repeat what I said before. I certainly regard you as a fine public 
servant doing a good job. Iam very happy that you are here make 
your contribtuion today. 

Mr. Eisensup. ‘Thank you, sir. 

(The full statement of Dr. Ralph E. Lapp follows:) 


STATEMENT OF RALPH BE. LApp ON RADIOACTIVE FALLOUT 
EXPLANATORY NOTE 


Mr. Holifield, I received your invitation to testify before this committee while 
I was in Japan. I cut short my trip in order to attend the hearings. May I 
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say that I appreciate very much this opportunity to appear here. I would like 
to add that I am very gratified that your investigations to date have thrown 
so much light on the problem of radioactive fallout. I believe that these hear- 
ings will stand as a landmark in the history of our knowledge about this rela- 
tively new phenomenon. 

COMMENT ON DR. LIBBY 


Appearing as I do after Dr. Libby, I would like to comment on his contribu- 
tions to fallout. Dr. Libby has not only stimulated extensive research in fall- 
out investigations such as Project Sunshine, but he has also taken the initiative 
in publication of his findings. I feel very strongly that he deserves a great deal 
of credit for his work on fallout. Were it not for Dr. Libby we might well be 
confronted with a considerably smaller body of knowledge about fallout than 
we have today. 

MY INTEREST IN FALLOUT 


I have had an active interest in atomic bomb phenomenology ever since I 
witnessed the Bikini Baker test in the summer of 1946. However, my interest 
in radioactive fallout was really stimulated by the 1954 Bravo test at Bikini. 
This was the test which resulted in radioactive contamination of the Lucky 
Dragon No. 5, a Japanese tuna trawler. 

My initial interest in fallout centered upon civil defense. In this connection, 
I published a series of articles on fallout in the Bulletin of Atomic Scientists 
as follows: 


November 1954: Civil Defense Faces New Peril 
February 1955: Radioactive Fallout he 
June 1955: Radioactive Fallout III 

November 1955: Global Fallout 

September 1956 : The “Humanitarian” H-Bomb 

October 1956: Strontium Limits in Peace and War. 


NATURE OF MY TESTIMONY 


I am dividing my testimony into four parts: 
I: General Remarks 
II: Local Fallout 
III: Remote Fallout 
IV : Constructive Proposals 


Because of the number and complexity of the topics covered, I am present- 
ing my remarks in terse or fragmentary form. This will permit the committee 
to bypass topics of less importance and concentrate upon those of more concern. 


PART I. GENERAL REMARKS 


A. Necessity for numbers 


Public confusion about fallout will continue to increase unless scientists can 
provide a quantitative or semiquantitive evaluation of the various hazards 
associated with fallout. Precision is probably not possible due to the nature 
of the hazards and we may have to be content with numbers which vary by a 
factor of 2, 3, or even 10. Th is committee has already performed a vaiuable 
Service in narrowing the range of estimates made by individual witnesses. 


B. Disagreement among scientists 


The public is apt to conclude that if scientists cannot agree upon the hazard, 
then all is confusion. It would be nice if the scientists could all agree upon a 
quantitative estimate of the hazard, which could then be given to the public. 
Two unusual circumstances have combined to produce the current confusion 
on fallout. 

First, the urgency of our times has focused attention upon problems for which 
science did not have textbook answers. Available knowledge was inadequate and 
research had to be initiated to provide answers. 

Second, the ordinary process by which scientists argue out their answers was 
interdicted by the complexity of the problem and secrecy. Scientists outside the 
Atomic Energy Commission have full-time jobs and could scarcely be expected 
to tunnel into the complexities of the problem in a few leisure hours. 
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O. Responsibility of the Atomic Energy Commission 


Considering these factors, I think that the AEC has the responsibility for 
providing the outside world with the facts about fallout as promptly as these 
become available. Scientists, technicians, and officials of the AEC must present 
only reasoned and careful estimates of the hazards based upon factual knowl- 
edge. Reckless or nonsubstantiated statements do a disservice to the AEC and to 
the Nation. 

Example: Dr. Eisenbud is quoted in an article titled “Man Who Measures 
A-Fallout Belittles Danger” (Sunday News, New York, March 20, 1955) as fol- 
lows: “The total fallout to date from all tests would have to be multiplied by 
a million to produce visible, deleterious effects except in areas close to the 
explosion, itself.” 

Example: Dr. Libby in a speech dated June 8, 1955, stated: “However, as far 
as immediate or somatic damage to the health is concerned, the fallout dosage 
rate as of January 1 of this year in the United States could be increased 15,000 
times without hazard.” 

Example: Dr. Richard Doan while in Tokyo on May 18, 1957 stated that the 
bomb tests would not have “the slightest possible effect” on humans. 

I do not label Dr. Libby’s statement as reckless but interpose it to illustrate 
the spectrum of opinion being given to the public. 


D. World interest in fallout 


I am informed by a cable from Tokyo that the deliberations of this committee 
hearing are being “splashed across page 1” of the Japanese newspapers. This 
comes as no surprise to me for my trip through Japan alerted me to the over- 
whelming interest manifested there in atomic radiation. 

The committee might be interested in my observation that fallout has become 
an acute weapon for propaganda. For example, I found that the Japanese scien- 
tists are actively studying the radioactivity of their tea because of the assertion 
from the Chinese mainland that Japanese tea is radioactive. Some people in 
Japan are so keenly aware of fallout that they take showers after being out in 
a rain. The great public outcry against the British Christmas Island tests, but 
there was no great demonstration against Soviet tests. It is a great victory for 
psychological warfare experts when they can induce selective sensitivity to 
fallout. 

America puts itself in a bad light when it fails to present its case clearly to 
the world. Even casual analysis of the news reporting in this country will show 
that AEC pronouncements on fallout are not received with full credibility. This 
situation is obviously not in the full interests of national security. 


E. The nature of biological data 

It is inherent in the very nature of the biological research into the effects of 
radiation upon humans that a high degree of accuracy is not attainable, espe- 
cially on a human experience basis. As Dr. Langham of the Los Alamos Labora- 
tory has testified human experience with retention of radium 226 is the basis for 
setting upon a maximum permissible concentration (MPC) for radiostrontium 
(Sr-90). Yet our actual experience is confined to a small sample of acutely ex- 
posed individuals and a small sample of less acutely exposed people. 

Actually, our concern should focus not upon acute effects in man which are 
highly unlikely from peacetime bomb testing, but rather with the chronic, debili- 
tating long-term effects from irradiation of humans. We must be conscious of 
the need to appraise long-delayed effects, say, 50 years after entry of radio- 
elements into the body. Here our knowledge is quite limited. 


F. Radiation limits for a global population 

I would like to stress the fact that consideration of safe limits for irradiation 
of the world’s population is essentially a new problem. Prior to the awareness 
of global fallout, the International Commission on Radiological Protection made 
its recommendations for those who would be exposed to radiation in pursuit of 
their occupation. Such groups initially were numbered in the hundreds and 
then in the thousands as atomic energy came of age. Individuals within such 
groups were healthy adults exposed to known and restricted hazards; they were 
subject to administrative controls and medical supervision. 

In setting up limits for a total population, we must take into account the 
varying radiosensitivity of individuals, the complete spectrum of age, the per- 
sistence of the hazards, the lack of medical control, the varying degrees of health 
of people and the variety of their diet. Yet it was not until last year that the 
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Atomic Energy Commission introduced the difference between an occupational 
MPC and a global MPC into its releases on fallout. 

In view of the nature of our knowledge and the totality of the sample with 
which we are dealing, I would urge a big factor of safety in setting limits to bomb 
testing. It would be tragic to find some day that we had erred in setting the 
limits. 

G. Soviet nuclear tests 

On my recent trip to Japan, I learned that Japanese scientists eoiieered suffi- 
ciently active samples from Russian tests to perform radiochemistry upon the 
bomb debris. I am informed that five Soviet tests produced a fallout on Japan 
from which scientists measured and identified the presence of uranium 237 
(U-237). Soviet explosions characterized by such fallout were judged to be 
in the megaton range. These estimates are subject to considerable uncertainty 
but one authority told me that he estimated at least two bomb yields in the 
range of 10 megatons. 

Two Soviet nuclear tests were observed to originate in the arctic region whereas 
the remaining tests took place in a region estimated to be Ozero Balkash (Lake 
Balkhash) which is southeast of the new coal area of Karaganda. The air mass 
trajectories from central Siberia frequently sweep across the islands of Japan, 
especially Hokkaido. They also produce tropospheric fallout over the United 
States as well. Here in Washington you could swipe a Kleenex over a car top 
and cause a Geiger counter to respond readily. 

The presence of U-237 in the Soviet fallouts proves that the Soviets have 
achieved a compound fission-fusion or multiple-stage weapon. According to 
my information, this was first accomplished in September 1954. . Ast 

I would like to add that I am informed by Japanese sources that Soviet tests 
produce 70 percent of the fallout observed on Japan. Pacific tests account for 
20 percent and the Nevada shots add 10 percent. 


PART II. LOCAL FALLOUT 


Definition: By local fallout, I mean that which comes to earth within several 
hundred miles of the explosion site and is deposited within the first day or so. 
The following points are discussed with relation to the direct effects of external 
radiation. My interest centers upon the problem of civil defense in dealing with 
the radiation hazard in a contaminated area. 


A. Areas of contamination 


It is evident from the analyses such as Dr. Schafer presented to this committee 
that a nuclear attack upon the United States would involve am overlapping or 
smeared out pattern of bomb fallouts, especially over Northeastern United States. 
In making assessment of the radioactive power of bomb fallout, it is useful to 
introduce a new. unit “the eternity roentgen square mile.” This is a measure of 
the irradiating power of bomb fallout. By “eternity roentgen” I mean the total 
roentgens accumulated in dosage from 1 hour to eternity. This unit is then multi- 
plied by square miles over which fallout oecurs. 

Example: To estimate the eternity roentgen square mile contamination from. 
a 15 megaton explosion we proceed as follows. Assume that the ratio of fission to 
fusion energy release is 2:1. Then 10 megatons of fission energy will be involved. 
Assume a 50 percent local fallout. This yields 5 megatons of fission products 
in the fallout area. Simple calculation shows that 1 megaton of fission products 
could contaminate (if uniformly deposited at 1 hour) 1,000 square miles so that 
the 1 hour to infinity dose in open air would be 6,000 roentgens. Thus 5 mt. of 
fission products could raise this dosage to 30,000 r. Or if the area of fallout 
were greater, say, 5,000 square miles, the dosage would be 6,000 r. 

An attack such as Dr. Schafer assumed inyolved 2,500 mt. of bomb yield and 
he specified “dirty weapons” surface burst. By “dirty” it is meant that the 
ratio of fission to fusion is fairly high. If we assume 2,000 mt. of fp (fission 
products) locally deposited this amounts to a total of 12 billion roentgen square 
miles of potential contamination. Obvieusly, this is a maximum since much fall- 
out will occur after 1 hour; this will dissipate harmlessly in the air until it 
is deposited on the ground. ‘Nontheless, the figure especially for surface burst 
bombs where local contamination will be maximized gives an indication of the 
magnitude of the fallout hazard. If any considerable fraction of this total figure 
is concentrated on a relatively small area, such as Northeastern United States 
industrial heartland, the corresponding radiation intensities will be severe. 
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Example: If a 1,000 mt. of fp concentrated upon Northeastern United States 
much of the region would be subject to a fallout of about 10,000 eternity roent- 
gens. This would correspond to a fallout intensity of 2,000 r./hr. at 1 hr. I 
shall discuss the significance of such fallout in section C, 


B. Clean and dirty bombs 


The above discussion should make it obvious that the fallout from dirty 
weapons is of immense importance because of the area contaminable with a 
medium-weight attack. However, it may be useful to compare the damage areas 
of the two types of weapons. 

A clean or relatively clean air burst bomb would have to depend upon blast and 
heat for its destructive effects. Consider, for example, the areas hit by the blast 
of a 20 mt. bomb. 


Blast overpressure (pounds per square inch) Distance Area in 
in miles square miles 


UU Sk ERE oy Ae A LS gh BEE A De Gd 6 8 i ee oe 1.5 7 
SOS aera Sena eee ck Serer Sees es FS oS fee eat oe eee eee enews eas 7.5 175 
5,0 


sie Sa Ses a ee AS Wl ed Re SAS eee Ca Ee ee eee 15, 1, 600 


For purposes of comparison, one might select purely military targets such as 
air fields, missile sites and ‘‘hardened” targets which would require up to 100 
pounds per square inch blast overpressure for destruction. Under such cases 
the aiming accuracy in delivery would have to be very great if you wished to 
‘hit’. A miss by as little as 2 miles with a clean bomb could be considered a 
complete miss. If one is concerned with population bombing and the criterion 
is the destruction of a framehouse, the 3 pounds per square inch blast would be 
appropriate. A greater aiming error would be allowable but one would not want 
to miss by more than 10 miles. 

To complete the comparison, it is necessary to assess the persistence of the 
radioactive effect of fallout to discover whether such contamination would be 
effective in denying land to normal or to even emergency use. 

I make this point, not to assert that there would be no military uses for clean 
bombs, but to emphasize that from the standpoint of civil defense, it might be 
very misleading to assume that an enemy would forego the use of dirty bombs. 


OC. Persistence of fallout 


Witnesses before this committee have testified as to the rapid decay of fission 
products in fallout. It is true that a fresh mixture of bomb-produced fission 
products exhibits rapid decay. Half of the radioactivity, as measured from a 
time base at 1 hour, disappears in 82 hours. The AEC states in its report 
The Effects of High-Yield Nuclear Explosions (February 1955) “The main 
radioactivity of fallout decreases very rapidly with time—for the most part, 
within the first hours after the explosion.” 

Section 10.1 of the “Effects of Nuclear Weapons” (June 1957) states: “The 
radiation intensity decreases rapidly with time and except for areas of very 
high initial contamination, it ceases to be a serious hazard within a few weeks.” 

These statements, it seems to me, give the impression that civil defense has 
nothing to worry about after a few days, or a few weeks. I believe that the 
discussion in section A (part II) coupled with Dr. Schafer’s estimates of the 
fallout intensities show that large areas of the United States could be contami- 
nated to the extent of 2,000 roentgens per hour at 1 hour. The following sched- 
ule of roentgen dosages results : 


From 1 hour? through end of 1st day_------------------------------- 4,700 r. 
From end of 1st day to end of Ist week__----------------------------- 1, 730 r. 
From end of 1st week to end of 1st month____------------------------ 920 r. 
From end of 1st month to end of 1st year__-___------------------------ 1, 060 r. 
From end of ist year to 50 years ?____------------------------------- 840 r. 


1 The dosage of 4,700 r. depends upon fallout at 1 hour after detonation. Fallout at later 
times (i. e., farther downwind) would significantly reduce this first day dose. 
2Terrain and weathering would play a significant role in reducing this dose. 


If we look only at the decay rate, the decay seems rapid. Starting at 1 hour 
after the explosion, the rate would be 2,000 r./hr. At 7 hrs. it would decrease to 
200 r./hr., at 1 day to 45 r./hr, At the end of 2 days it would be 20 r./hr. At 
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1 week it would be 4.2 r./hr. or 100 roentgens per day. At the end of 1 month it 
ep be 17 r./day; this would decrease to 4 r./day at 100 days, and to 0.8 r./day 
ati year. 


D. Significance of local fallout 

I believe that the combination of the vast areas contaminable with high-yield 
thermonuclear weapons with the long term persistence of the fission products 
poses a problem for civil defense of great magnitude as different from that of the 
A-bomb as that was from the TNT bomb. 


E. Genetic consequences of a 2,500 mt. attack upon United States 


Assume, as in section II-A, that the United States is hit by a 2,500 megaton 
attack, in which some 2,000 mt. of fission products are deposited on the ground. 
As we have seen this can be expressed as a contamination equivalent to 12 billion 
roentgen square miles, where the roentgen as used here is the eternity roentgen. 
If we make the simplifying assumption that this contamination is spread uni- 
formly over the continental United States, this will produce an eternity exposure 
of 4,000 roentgens (land area is 8 million square miles). In an actual situation 
this would be unevenly distributed but the probability is that exposures would 
be greatest nearest inhabited areas, so this calculation probably underestimates 
the effect. 

Let us assume that people go into hiding and receive no significient radiation 
exposure in the first month after the attack. I grant that this is highly unlikely 
so the calculation is again underestimated. From 1 month to 30 years the 
exposure would average 20 percent of 4,000 roentgens or 800 r. Divide this in 
half to take account of weathering, so that we get 400 r. as the average exposure 
to every American who survives. We may now apply Dr. Crow’s data of June 4 
to this figure of 400 r. Instead of 2 billion children in the next generation we 
consider one-twentieth this figure. This means that we multiply Dr. Crow’s 
values by 400 and divide by 0.1 (Dr. Crow’s assumed 30-year exposure) times 20. 
Thus we multiply all his figures by a factor of 200. This yields: 


ns 
Effect 1st generation Total 


a. Physical and mental defects._.-.-....------------------------------------ 1, 600, 000 16, 000, 000 
Db. Stillbirths and childhood’ deaths--.-W <2 4 “ee i= in co ee socio ea eae 4, 000, 000 120, 000, 000 
c. Embryonic and neonatal deaths....-..---.------------------------------- 8, 000, 000 140, 000, 600 
d. Intangible defects.....-.------------------------------------------------- OY Gir ome aaenee 


nn 
1 A larger but unknown number. 


In the first generation about 2 out of every 10 children would be genetically 
defective. The sum total of all deferred deaths from the attack would be 272 
million or several times the number killed by the direct attack. In addition al- 
most everyone would shoulder an increased genetic burden. 


PART III, REMOTE FALLOUT 


Nore.—I believe that previous testimony and the roundtable discussions on 
the production, injection, transport, and fallout of radioactive debris from bomb 
explosions provide a more solid base for evaluating the hazard. It is obvious 
that in the area of the uptake of fission products there still remain some un- 
knowns which future research and global survey will resolve. It is doubtful 
if the uncertainties inherent in estimating the biological effects of radiation will 
be resolved as readily. I wish to comment specifically upon several topics which 
I feel deserve amplification and emphasis, 


A. The “present test rate” 


This term has been used frequently before this committee as well as in the 
public domain during the past few years. Rarely has it been defined in a quantita- 
tive manner. To interpret the meaning of the present rate of testing one has 
to specify a precise number of megatons of fission products injected into the 
stratosphere. 

I do not profess to have any inside information upon which to base an esti- 
mate of the present rate of testing. However, it is instructive to consider how 
the test rate has progressed since 1945. I am drawing upon data openly avail- 
able and I apologize for the roughness of the data. Nonetheless, the progression 
of the annual increments to the curve may be worth considering. 
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The curve I shall plot covers the period from 1945 to 1957 with a projection 
to the future. Extrapolation of-the curve will be considered. First, we plot 
the total fission yield of all bombs tested in each year. Up until 1952, and more 
generally until 1954, this total fission yield will correspond roughly to the total 
bomb yield. After that time corrections have been estimated for the fission 
fraction of the explosive yield. Second, we then estimate the fraction of the 
fission debris which is injected into the stratospheric reservoir and is globally 
dispersed. ‘This fraction will depend upon bomb yield and firing conditions. 

I claim no accuracy for the estimate and present the curve for qualitative 
illustration of the trend in the bomb test rate. 

As long as weapons tests were confined to pure fission weapons of relatively 
low yield the global fallout of strontium 90 would be negligible. With higher 
yield fission weapons, more of the fission products began to be injected into the 
stratosphere and retained there for global distribution. However, because of 
the economy limits (cost of fissionable material) the global hazard was still quite 
small. ; 

On November 1, 1952, the United States entered a new domain of weapons 
testing. The Soviet, Union followed suit within a year. These tests were then 
followed by the Castle series of tests in the Pacific in the spring of 1954 when 
high-yield contaminating bombs were tested at Bikini. These tests added to the 
stratospheric reservoir the majority of the radiostrontium still present there. 
Dr. Langham of the Los Alamos Laboratory testified before this committee that 
one might assume an average rate of 10 megatons of fission products per year. 
This total of 50 Mt. for the past 5 years would check with the data that I have 
estimated. 

In order to define the present test rate one has to wait until the end of the 
year, add up the Soviet, United States and United Kingdom contributions to 
the stratosphere and thus reach a reasonable figure. In the absence of interna- 
tional exchange of data, this is done through remote instrumentation, 


B. Alimit to bombd tests 


Dr. Neuman in testifying before this committee arrived at a “safe” test rate 
of 2.2 megatons of stratospheric strontium 90 per year; i. e., the amount asso- 
ciated with the annual injection of strontium 90 produced in an explosion such 
that 2.2 megatons of fission energy inject their fission products into the strato- 
sphere. Some time ago, I estimated on a similar line of reasoning that this 
“safe” limit would correspond to 3 megatons (plus or minus a factor of 3 times 
this value); i. e., as high as 9 or as low as 1 megaton per year. I believe this 
is in general agreement with the 2 to 10 megatons estimated by your round- 
table discussion of May 29. 

Superimposing these values upon the chart for the yearly test rates, it is seen 
that this “safe” limit was exceeded in 1954, 1956, and probably will be exceeded 
this year as well. 

I believe the concept of a safe testing rate is of very great importance from 
a global health viewpoint. But the limit seems so low that it would appear 
that setting up a quota for each nation’s annual testing would de doomed to 
the same fate as the attempt to control battleship construction in the 1920’s. 

But I believe that an internationally constituted monitoring system could 
keep systematic check on the level of fission products which fall out as a result 
of bomb tests. The publication of these measurements would have a profound 
effect on world opinion. 

It would be of interest to learn from the Atomic Energy Commission the 
value for the safe annual limit which it assumed in its deliberations during 
the past 3 years. 


C. A limit to war 


There is obviously a great difference between the risks which a nation and 
its people take in time of war. During wartime the “safe” limit for the military 
application of thermonuclear weapons would be, at least in my opinion, 50 
times greater than the peacetime safe limit. Whatever the value, the concept 
cf a limit to the use of nuclear weapons in war is quite new. I have in mind 
here the inevitable lashback which an aggressor would suffer from the fallout 
of his own bombs. Dr. Libby, in his speech of January 19, 1956, estimated that 
between 330,000 and 440,000 megatons of bombs would have to be exploded 
before “the likelihood of untoward effects would be appreciable.” 

In view of the consequences to humanity, I wonder whether the Atomic Energy 
Commission or the Department of Defense has ever prepared a full study of the 
biological consequences of a nuclear war. 
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D. Evaluation of risk 


Dr. Eisenbud’s remark that he is not troubled by the hazard of giving milk 
containing traces of Sr-90 to his children illustrates, I believe, an extreme 
form in which a radiation risk may be assayed. The probability of injurious 
effect to a sample of three people is very small; from a personal viewpoint it 
is probably negligible. But if one applies the same probability of injury to 3 
billion people, then even a very minute effect becomes significant to those whose 
lives are affected. Suppose we deal with a probability of one in a million. 
Tor a global population this would involve about 3,000 people. Such an effect 
would, from a personal viewpoint, constitute a very small risk. The same line 
cf argument applies to Dr. Shields Warren’s reference to the personal danger 
from the radiation emitted by the microgram of radium in his luminous wrist- 
watch dial. The fact that he observes no visual change in the skin directly 
beneath the wristwatch proves nothing—certainly, it does not constitute a test 
of a radiation threshold. 

If I may comment en the testimony of other expert witnesses who testified on 
Monday, June 3, I find Dr. H. L. Friedell’s philosophy with regard to bomb 
tests rather whimsical. Apparently, Dr. Friedell believes we do not have enough 
data to evaluate the risk and we should proceed on a path of blissful optimism. 

Testimony introduced on behalf of Dr. Jacob Furth by Dr. Shields Warren 
contains a recommendation that ‘‘the burden of decision rests not with biomedi- 
cal investigations, but with military experts.” In a matter so rooted in nuclear 
science and so veiled in conflicting opinions, I am reluctant to entrust the burden 
of the decision to military experts. 

Dr. HE. P. Cronkite cites three reports as authoritative in evaluation of stron- 
tium risks: (@) the United Nations report, (0b) the British Medical Council 
report of June 1956, and (¢c) the National Academy of Sciences report of June 
1956. 

(a) So far as I know the United Nations report on strontium has not been 
concluded. Iam informed it will not be published this year. 

(b) With regard to the British report, I would call attention to the last 
sentence of that report. ‘Nevertheless, if the concentration in human benes 
showed signs of rising greatly beyond one-hundredth of that corresponding to 
the maximum permissible occupational level it would indicate the need for im- 
mediate consideration of the problem.” 

(c) With regard to the National Academy study, may I refer to page 60 of 
the general report, section 3: “However, if the testing programs of the several 
countries producing theromonuclear weapons were to intensify, strotospheric 
storage time may become a critical item in terms of the hazard to mankind.” 

Since the National Academy report was issued the United States, the U.S. S. R., 
and the United Kingdom have all tested theromonuclear weapons. I submit that 
the testing programs are intensifying. 


EH. Future nuclear tests 


In assessing the future commitments of radioactive debris. to the earth’s atmos- 
phere, we must deal with many unknowns. Had we attempted an estimate 
5 years ago, prior to Castle-type weapons, we would have arrived at most. mis- 
leading and optimistic projections. The end of weapon development is not in 
sight and no one can say that unexpected developments may not occur. 

For example, may not smaller nations be stimulated by British success with 
thermonuclear type weapons and place maximum emphasis upon such develop- 
ment? 

Additionally, can we be sure that a nation would restrain itself and not test a 
100 megaton dirty weapon if military requirements and nuclear technology 
indicated that such a weapon was desirable? 

Will the requirements of adapting maximum megatonnage to a small warhead 
put emphasis cn further development of dirty type weapons? 

We cannot answer these questions at this time, but we do know that a single 
weapons test of very high fission yield can add a strontium burden to the atmos- 
phere far beyond the limits we have been discussing. 

The United States has contributed the largest fraction of radiostrontium to the 
stratosphere and I think that it is most encouraging that the fullest discussion 
of the strontium fallout should occur in this country. I am not aware of any 
large body of published information on this subject of Seviet origin. It is 
known, however, that the Soviets are engaged in strontium studies. 

In concluding this section, I would like again to stress Dr. Libby’s contribu- 
tions to this subject. They are of very great value and I feel sure that we would 
be in a much poorer position today to evaluate the strontium problem were it 
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not for Dr. Libby’s personal interest in this field of investigation and the research 
which he has promoted so vigorously. 


fF. The strontium problem 


It is clear from testimony given to this committee that data on the fallout 
of radiostrontium are becoming more firm as research results come in. I think 
that scientists can agree on the pattern of strontium fallout around the world. 
We are in a poorer position in our knowledge of strontium uptake in the bio- 
sphere. I am disturbed by fluctuations which have occurred in AEC statements 
on discrimination factors in the uptake of strontium into the food chain. Dis- 
crimination factors are high in the milk link of the food chain, but are much 
lower in foods consumed directly by humans. A discrimination factor of 7 is 
estimated by Dr. N. S. MacDonald of UCLA and Dr. W. Neuman estimates an 
average discrimination factor of 8. 

Strontium 90 determinations in man must be expanded to assess the increase 
in strontium 90 burden with time. Careful determinations of natural strontium 
in humans deserve increased attention. We know that more strontium 90 will 
uccumulate in humans as a result of bombs tested in the past and as a result 
of current tests. The determination as to how much of this radioelement may 
be tolerated safely is a matter for the biologists to discuss. This committee 
has heard a fairly wide range of opinion from its expert witnesses on the prob- 
able biological effects of Sr—90 levels in man. But it seems to me that even in 
this area some agreement was reached, especially when Dr. Shields Warren 
stated on June 3: 

“I would be reluctant to see the average strontium 90 content of bones, par- 
ticularly in children, go much above 10 times the present level.” 

Dr. Libby’s speeches show that Sr—90 fallout will continue and the strontium 
90 level in human bones will increase. 

Unless restraints are imposed upon commitments of fission products to the 
atmosphere, it is only a matter of time before the strontium 90 level of Dr. 
Warren is reached. 

PART IV. CONSTRUCTIVE PROPOSALS 


A, Atomic Energy Commission information policy 


I suggest that this committee or its parent committee may wish to review 
the information policy of the AEC with regard to nuclear weapon effects, with 
a view toward revising this policy so that information may be made available 
more promptly and completely. I believe that the national interest demands a 
much better relation between the press and the Atomic Energy Commission. 


B. Report on the probable biological consequences of a nuclear war 


I suggest that the Joint Committee on Atomic Energy might wish to recom- 
mend or sponsor the preparation of an analysis of the probable biological effect 
of nuclear warfare. It would be useful to investigate probable lashback effects 
from various levels of nuclear bombardment. 


C. Data useful to civil defense 


I believe that the committee’s investigations have produced information: of 
critical value to civil defense planning. It might be useful to have a summary 
report of these data transmitted to the Federal Civil Defense Administration. 
I have not seen many representatives of the Federal Civil Defense Administra- 
tion at these hearings. 


D. Research in long-range estimation of nuclear explosives 


It is known that considerable effort has focused on long-range detection of 
nuclear detonations. Attention should be given to the declassification of such 
data as would bear upon evaluation of the radiostrontium problem. Other data 
would be most useful in discussion of the feasibility of policing an agreed upon 
test limit. 


E. Anannual fallout report 


In view of the great public concern over fallout hazards, I would urge that 
the Atomic Hnergy Commission be required to isSue an annual report on the 
degree of fallout and its uptake in biological systems. Perhaps such a report 
should be prepared by a university task force. 


' F. National radiation control 


I would urge that the Congress continue its investigations of radiation hazards, 
extending them into the broader area of peacetime uses of radiation. I believe 
that the ever-increasing uses of radiation must be subject to legislative controls, 
Radiation protection in the United States needs uniform legal status. 
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Senator Anprerson. Dr. Selove, we are happy to have you here 
today, proceed please. 


STATEMENT OF DR. WALTER SELOVE, DEPARTMENT OF PHYSICS, 
UNIVERSITY OF PENNSYLVANIA? 


_ Dr. Sexove. I would like to thank the Joint Committee for invit- 
ing me to present testimony here. I would like to put before you in- 
sofar as time is available the results of some independent studies of 
the radiation hazards problem made primarily by the radiation 
hazards committee of the Federation of American Scientists. 

The federation, as I believe you probably know, consists of scientists 
who are concerned with the interrelation between science and public 
affairs, and at the request of a number of members of the federation, 
a few of the members took on themselves the task of trying to gather 
such information as was available on the extent of the radiation 
hazards. | 

I have been a member of the radiation hazards committee for a year 
and a half or so and was recently elected chairman of that committee. 

Representative Coir. What is the radiation hazards committee to 
which you refer, Dr. Selove? 

Dr. Srrove. What is it? 

Representative Corr. Yes. 

Dr. Sexove. In the second paragraph of the prepared statement here 
you will see that at present the radiation hazards committee consists of 
several nuclear physicists, a biophysicist, a biochemist, a chemist, and 
a cancer research worker. 

In the studies which this group has made of the radiation hazards 
problem we have also consulted with geneticists, and we have con- 
sulted with members of the Atomic Energy Commission, who I should 
say have been most cordial and helpful. 

Representative Corr. What I would like to know, Dr. Selove, who 
is the sponsoring organization—of what organization is this radiation 
hazards committee of which you are a member ? 

Dr. Srtove. This is a radiation hazards committee concerned with 
possible hazards from radiation sources of all kinds. It is one of the 
committees of the Federation of American Scientists which is a volun- 
teer organization of scientists—of some of those scientists who are 
concerned with the impact and interrelations between science and 
public affairs. ‘ 

One of the principal objectives of this statement is to emphasize that, 
although there is no important disagreement among scientists on the 
magnitude of the average dose of radiation due to fallout, conclusions 
which may appear to be in conflict with each other can be drawn with 
equal accuracy from the available facts. 

I would like to quote from a report just prepared by the FAS radia- 
tion hazards committee which will illustrate this. 


1Date and place of birth: 1921, Chicago, I]. Education: Bachelor of science degree, 
physics, University of Chicago, 1942; doctor of philosophy degree, physics, University of 
Chicago, 1949. Work history: Assistant instructor, University of Chicago, 1942-43 ; staff 
member, M. I. T. Radiation Laboratory (radar), 1948-45; National Research Council pre- 
doctoral fellow, 1946-47; physicist, Argonne National Laboratory, 1947-49; instructor, 
assistant professor, Harvard University, 1950-56; on leave, University of California radia- 
tion laboratory, Livermore, 1953-54 ; member, editorial board, Keview of Scientific Instru- 
ments, 1955-; National Science Foundation senior postdoctoral fellow, 1956-57 ; associate 
professor of physics, University of Pennsylvania, 1956-. | (Submitted by witness.) 
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The committee study of the available scientific facts has led to two conclusions: 
First: The added radiation hazard from continued nuclear weapons testing 
at the present rate is no greater than that from other radiation normally encoun- 
tered. The radiation from testing will approach a level equivalent to the natural 
background radiation to which the human race has always been exposed. Simi- 
lar radiation doses are obtained from annual chest and dental X-rays. 
4 teas This small added radiation, from whatever source, will cause many 
eaths. : 

The committee believes that both conclusions are scientifically correct, and in no 
way contradict each other. ' 

Unfortunately, those who believe that we should continue testing in order 
to maintain a lead in nuclear weapons often emphasize the first conclusion and 
ignore the second. Similarly, those who believe that a test ban is desirable, 
since it may lessen international tension, often emphasize the second and ignore 
the first. The committee believes that both statements must be taken together 
since either alone is misleading. 

Rather than try to cover fallout problems exhaustively I would 
like to restrict my remarks to just a few aspects of the problem, pri- 
marily concerned with the global and long-lasting effect of fallout and 
not taking up the question of close-in fallout effects. . 

One of the most important aspects of the problem I would like to 
emphasize is the uncertainties that remain as to just what the effects 
will be and how large the effects will be. That is, how many individuals 
will be affected. Noa 

There simply has not been sufficient time to learn what all the effects 
of fallout radiation may be. It is likely to be several decades before 
we know with much certainty. At present, however, it appears likely 
that the two principal effects of fallout will be the genetic effects from 
general gamma radiation and the production of leukemia and bone 
cancer by strontium 90. With regard to these effects, that is, the 
somatic effects, there is considerable disagreement as to whether small 
doses such as are involved in widespread fallout from tests will pro- 
duce any effect at all. A considerable body of scientific opinion holds 
that it is very likely that even small doses will produce proportional 
effects and believes that there is some support for this conclusion bot 
from experimental data and from theory. ; 

Other scientists, as you have heard, are of the contrary opinion and 
believe there is probably a threshold for somatic effects. ; 

All are agreed, however, that the true behavior cannot be determined 
from presently available data. I believe it is fair to say that on the 
basis of the data the pessimistic interpretation seems at least as reason- 
able as the optimistic interpretation. 

In this connection, it should perhaps be emphasized that even if 
one takes the pessimistic interpretation; namely, that there is no 
threshold—— 

Senator Anperson. Are you reading from your prepared text ? 

Dr. Seiove. No. I have some other statements here. 

In connection with this question of pessimistic versus optimistic 
interpretation, I think it is worth emphasizing that even if one takes 
the pessimistic approach and assumes that production of leukemia and 
bone cancer are proportional to even small doses, it is still true that 
the probability that any given individual would be affected by the 
levels of radiation received from fallout from tests so far, is very small 
indeed. . 

For example, I have made a rough calculation for the type of effect 
to be expected from the radiation from a wristwatch, I come out with 
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the following number, regarding which I can go into more detail 
for you if you wish. The dose of radiation to the wrist from a wrist- 
watch, according to the theory that even small doses may produce bone 
cancer, would have a certain probability of producing bone cancer, 
primarily a probability of producing it in the wrist, since the radiation 
from a wristwatch is concentrated in that area. I have calculated the 
effects of the dose from a typical wristwatch according to measure- 
ments which have been made of radiation from wristwatches. Sup- 
pose one had a million individuals not wearing wristwatches, on the 
one hand and a million individuals wearing wristwatches on the other. 
Now one would expect that among those not wearing wristwatches 
some 1,000 out of a million would eventually die, when they die, with 
bone cancer. This isa number of 1 in about 1,000 of all deaths normally 
occurring which is due to bone cancer. 

Representative Cotz. By that you mean that the cause of the death 
would have been the bone cancer ? 

Dr. Srtove. That is correct. Those are statistics for the United 
States. Two thousand people in this country die every year from bone 
eancer. ‘Then of the million who do not wear wristwatches, 1,000 
would die of bone cancer. 

Among those who wear wristwatches I calculate that 1,003 would die 
of bone cancer. 

There would be a certain small effect. It is obviously such a small 
increase over the normally existing bone cancer and so small an effect 
on an absolute basis that obviously one individual has absolutely no 
we as far as he himself is concerned as to the magnitude of this 
effect. 

As has been emphasized before you by many witnesses, when one 
takes a very small percentage increase in some normally occurring 
effect and applies it to the very large population of the world then a 
considerable number of individuals may still be affected. It might be 
worthwhile giving a second example for the case which Mr. Holifield 
raised the other day, as to whether a mother should be concerned about 
letting her children drink milk which has the amount of strontium 90 
in it that has been found to exist at present. 

I calculate also on the basis of further numbers that I may present 
if you wish, and if time is available, that if you have again a number 
of children or adults drinking milk which has no strontium 90 in it 
and another group drinking milk which has the amount of strontium 
90 currently present, then among those who drink milk with no stron- 
tium 90, 1 in 150 of them when they die will die of leukemia. This is 
a number based on statistics for the United States. It may be sur- 
prising to you that every year in the United States 10,000 people die 
of leukemia among a million and a half deaths. This is 1 in 150. 

I calculate that if one drinks milk which contains the present amount 
of strontium 90 and if one uses the assumption that the effects of 
strontium 90 even in small doses are that proportionate amount of 
bone cancer and leukemia will be produced, then the probability that 
an individual will develop leukemia will be increased from 1 1n 150 
to 149. 

Obviously from the standpoint of an individual, this is an extremely 
small number. This represents about a 1 percent increase in the prob- 
ability that one would develop leukemia. Ihe 1 percent increase trans- 
lated into numbers which apply to a large part of the world popula- 
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tion, for example a country of the size of Japan means the following: 
If again we take for Japan—I do not have statistics available for this | 
but I think we can use probably reasonably accurate numbers ap- 
proximately the same as those in the United States—a number of 
deaths of leukemia per year which is probably 5,000 or 10,000 and if 
we have a 1 percent increase in that effect—and a 1 percent increase is 
the amount that one calculates from the kind of data presented to you 
by the expert witnesses in these fields—it means that in Japan as a 
result of the tests so far one may have each year at the present time 
10,100 deaths from leukemia instead of the 10,000 which would nor- 
mally occur. 

Again this 100 additional deaths in one country—one should per- 
haps multiply this by some larger factor if one wants to consider the 
world as a whole—is a very small percentage compared to the million 
or so people who die in Japan every year, and even compared to the 
10,000 or so who die of leukemia every year in Japan. 

It is one purpose of this statement to gather together these numbers 
which have been presented to you by the various witnesses here and to 
show that depending on which aspect of the data one emphasizes one 
gets a result which has quite a different appearance, from the result 
which appears when the data is presented in another way. 

To summarize this point, then, it has been estimated that some 
10 percent of normal leukemia cases are due to natural background 
radiation, and a similar figure may also hold for bone cancer. ‘The 
fallout radiation from past tests represents only a small percentage 
increase over natural radiation and consequently the effects of fallout 
radiation represent only a small percentage of increase over normal 
effects. | | 7 

For example, even without fallout some 10 million people would 
develop leukemia or bone cancer over the next 30 years. ‘This is an 
estimate based on the United States statistics. Because this number 
is so large, even the small percentage increase in radiation resulting 
from tests still can affect a considerable number of people. ’ 

Senator Bricker. What percentage of those bone cancers are caused 
by natural background radiation ? 

Dr. Srtove. There is not sufficient data to draw a conclusion. The 
conclusion has been reached by Dr. Lewis who testified before you 
that in the case of leukemia some 10 percent of the leukemia cases are 
very likely due to natural background radiation. Leukemia is a 
cancerlike disease of the blood. Ifthe theory as to how cancer develops 
held by many geneticists, namely, that it is a mutationlike process, is 
correct, for one cancerlike disease leukemia, probably the same type 
of effect would hold for bone cancer. 

Senator Bricker. Is that generally accepted ? 

Dr. Srtove. I am sure it is not widely accepted. These matters are 
just coming to be thought about. 

Senator Bricker. There may be other causes of bone cancer. 

Dr. Srtove. Even according to Dr. Lewis’ testimony only 10 per- 
cent of leukemia would be due to radiation. 

Senator Bricker. Your statement is based on the premise that they 
are all caused from radiation ? 

Dr. Setove. No. I should say in this connection that the statistics 
for the United States are that each year some 10,000 individuals die 
of leukemia, and 2,000 from bone cancer. If we assume that approxi- 
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mately the same percentage of bone cancers are due to radiation as 
one would assume from Dr. Lewis’ work is the case for leukemia, 
then we would have a very small number of bone cancer cases due to 
radiation as compared to the number of leukemia cases due to radiation. 

If one lumps together leukemia and bone cancer it will not make 
much difference: how accurate our estimate is of how much bone 
cancer is caused by natural] radiation. 

I would like to note that these figures I have presented are consistent 
with the recent estimate made by the radiation hazards committee 
of the British Atomic Scientists Association. I do not have the pro- 
fessional affiliation of the various members of that radiation hazards 
committee but I recognize one name on the list, that of Dr. Alexander 
Haddow, who is the director of a cancer research institute in Britain. 
That committee made an estimate, subject to the same assumption 
we have been discussing, that even small radiation doses produce 
proportional amounts of bone cancer. ‘They estimated that some 
50,000 cases of bone cancer might be expected to develop as a result 
of nuclear tests already carried out. This is essentially the same type 
of number I presented. 

You have heard estimates of larger numbers of individuals affected. 
This number I believe represents a sort of median value. These num- 
bers, it should be emphasized are extremely crude and approximate. 
There is simply not enough data to obtain very accurate numbers.* The 
true effects might be easily 10 times larger than the numbers I am 
presenting. They might also be easily 10 times smaller. It is the very 
uncertainty that needs the strongest consideration. 

A great deal of apparent disagreement on the dangers of fallout 
has been due to a difference in emphasis. The AEC has emphasized 
that the radiation from strontium 90 from tests so far will represent 
only a few percent increase from the natural background radiation, 
on the average. The AEC has further emphasized that this average 
increase in radiation due to strontium 90 is small compared to the 
additional radiation exposure many people receive simply as a result 
of living with a higher background radiation level than average or 
X-rays. Relative to other sources of radiation it is perfectly true 
that fallout radiation contributes at the present level of testing only a 
small additional increment. On the other hand it can be stated that 
even a small percentage increase over the natural background radia- 
tion is likely to harm a considerable number of individuals. 

The likelihood that even a small percentage increase over back- 
ground radiation will cause many deaths applies to radiation from 
other sources as well as to fallout radiation. It should be remarked 
that the very rapidly increasing awareness of the effects of radiation 
is already leading to greatly improved X-ray techniques. 

Next is the effect of fluctuations. I think this affects the impact 
of the fallout problem on the people of the world. 

The fact that fallout is not distributed with absolute uniformity. 
among all the people of the world affects the evaluation of the fallout 
hazard in two important ways. First, as has been emphasized by 
many people, and particularly by Doctor William Neuman, if a “maxi- 
mum permissible” level of fallout material, say of strontium 90, 1s 
agreed upon, then the world average level should not be allowed to go 
beyond a fraction of it, or else an appreciable part of the world pop- 
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ae would be subjected to more than the “maximum permissible” 
evel. : 

Second, the detectability of fallout effects, which to a considerable » 
extent determines the psychological impact of the effects, will be in- 
creased as a result of variations in the amount of fallout, in the diet, 
and in the nature of the soil. Some 50,000 individuals may develop 
leukemia and bone cancer from strontium 90 due to tests so far. If 
these 50,000 were fairly uniformly spread over the world, they would 
probably be undetectable among the 3 million or so “normal” cases 
of bone cancer and the 10 million or so “normal” cases of leukemia 
which would be present even if there had been no fallout. But in 
actual fact some world areas will suffer more heavily than others, due 
to diet and soil nature, and due to the nonuniform distribution of 
fallout. Although the world average increase in leukemia or bone can- 
cer, for 50,000 total cases due to fallout, would be only 1 in about 60 
normally occurring cases of bone cancer, or 1 in about 500 normally 
occurring cases of leukemia, the relative increase in some areas might 
be as high as about 1 case for every normally occurring case of bone 
cancer. Even such a 100 percent effect, from tests so far, might be 
hard to detect, because the normal incidence of bone cancer is so low, 
and the number of people subjected to extreme levels is probably very 
limited. | : 

Is there a danger from test fallout? 

The two principal effects of fallout appear to be the genetic effects 
from general gamma radiation, and the production of leukemia and 
bone cancer by strontium 90. Scientists are agreed that genetic effects 
are produced even by small amounts of radiation. With regard to 
somatic effects, such as cancer, a considerable body of scientific opin- 
ion holds, with some support from experimental data and with some 
basis in theory, that these, also, can be produced even by small doses 
of radiation. On the assumption that this is true, it can be estimated 
that the number of individuals likely to be directly harmed in the 
coming generation by strontium 90 will probably be greater than the 
number showing genetic effects in that generation—although, for a 
given amount of fallout, the genetic effects will persist for many gen- 
erations and will eventually cause direct injury to a total number of 
persons comparable to that affected by strontium 90. In terms of 
the immediate impact, therefore, we can concentrate our attention on 
strontium 90. 

In regard to the genetic effect of fallout, Warren Weaver, vice presi- 
dent of the Rockefeller Foundation, and Chairman of the National 
Academy of Sciences Committee on the Genetic Effects of Atomic 
Radiation, estimated before a Senate subcommittee on January 16 
that radioactive fallout from nuclear weapons testing to date will ac- 
count for some 6,000 of the 30 million “handicapped” babies to be 
born in the coming generation. In regard to the effects of strontium 
_ 90, estimates quoted previously indicate that some 50,000 individuals 
over the next 30 years may develop leukemia or bone cancer as a re- 
sult of tests to date. ) 

How much should one be concerned about fallout effects of this mag- 
nitude? This is not a question which can be answered on scientific 
grounds. Even if one accepts the interpretation of the data presented 
above as a basis for estimating the number of individuals who will 
show genetic or somatic effects as a result of the 50 megatons—mil- 
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lions of tons of TNT equivalent—fission yield of tests so far, there are 
a number of other factors that must be carefully weighed before final 
judgment can be reached on the significance of the hazard. Prob- 
ably no absolute evaluation will be possible,|but instead, the evaluation 
will have to be:made relative to the problem of securing peace in the 
world and in relation to the moral problems involved. | 

A discussion of some of these questions would take us out of the 
area at which this statement is directed, but.it does seem desirable to 
emphasize that three of the pertinent factors which must be considered 
are: 

(1) The uncertainties as to the number of individuals affected. 'The 
number may be smaller than 50,000, or larger. And the remaining 
uncertainties as to what all the effects of fallout radiation will be; 

(2) The size of the number, 50,000, relative to the numbers of peo- 
ple harmed by other reducible effects; and 

(3) The fact that the fallout effects are global, involving citizens 
primarily of countries other than the testing countries. 

The global effects of fallout—as opposed to the more local effects— 
come almost exclusively from explosions of large nuclear weapons; a 
single one of these can produce as much worldwide fallout as a thou- 
sand bombs of the size used at Hiroshima. Those who consider the 
further development of large nuclear weapons necessary for military 
security view the probable effects of fallout as a small addition to 
other hazards of day-to-day living. Those who consider that the 
further development of large nuclear weapons moves the world away 
' from peace rather than toward it of course do not feel that the mili- 
tary desirability of such weapons justifies the probable fallout effects 
of tests. Finally, there is a third group who, while not certain 
whether the further development of large weapons is likely to be 
useful, feel that in view of the uncertainties as to the nature and 
magnitude of fallout effects, and in view of the international political 
impact that testing of large nuclear weapons produces in the invol- 
untarily exposed majority of the world, the nuclear testing powers 
would be well advised to exercise strong restraint with regard to tests 
producing further significant amounts of fallout. : 

As new nations enter the nuclear testing program, it can be ex- 
pected that they will be interested in testing bomb types which pro- 
duce a great deal of fallout. There are two dominant reasons for 
this: 

First, about the most economical way possible to increase the yield 
of a large bomb is to use an outer shell of natural uranium. This 
leads to an inexpensive large energy release, but also to a large re- 
lease of fission products—the worst kind of fallout. 

Second, a large amount of fallout increases the devastating power 
of a nuclear bomb.- The addition of a shell of natural uranium to a 
large thermonuclear bomb can increase the devastating fallout to a 
very much greater degree, for example, than the addition of cobalt 
to make a cobalt bomb, and moreover can at the same time increase 
the energy release by a large amount, which a cobalt shell will not do. 

Although the United States appears to have turned its efforts to 
designing nuclear weapons which produce less fallout the U.S. S. R. 
does not appear to have followed suit as yet. While the United States 
Pacific tests of last spring did not add very appreciably to the stron- 
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tium 90 in this country, the first four Russian test explosions of last 
fall resulted in an increase of about one-third in the strontium 90 
concentration in United States soil, within a period of a few weeks. 
Since that time, the U. S. S. R. has set off at least eight additional 
nuclear explosions—as of May 15. No information of any precision 
has as yet been released on the size of these explosions and on the 
amount of radioactive fallout resulting from them. 

The amount of testing which can be tolerated. 

IT would like to ask Senator Anderson what sort of time scale you 
would like to proceed on. I can cut this short. 

Senator ANprrson. I have been trying to find out whether we 
should go ahead with the seminar we had scheduled. If it is agree- 
able for the other members and participants I would like to suggest 
that we do not go ahead with it. After all, 6 hours of hearing in 1 
day is quite a little bit. If we are not going ahead with it, then I 
would say if you could conclude in the next 5 or 10 minutes, then 
there might be questions and we can conclude this afternoon. 

Representative Coir. Mr. Chairman, I can only say I exhausted my 
absorptive powers an hour or so ago. 

Senator Anprrson. I would like to say to the participants that it is 
very difficult to those of us who are not scientists to try to keep up with 
papers that are presented and not do what Congressman Cole has just 
suggested. He has been a faithful attender of these hearings and try- 
ing his best to absorb it. It is unjust to him and to the participants. 

If there is no vigorous and violent exception I will announce now 
that the seminar will not be held at the conclusion of this, but we hope 
to start off with it in a preliminary fashion tomorrow. Maybe it will 
give us a chance to therefore develop it. | 

I would ask the witness if he does not mind to try to conclude in 10 
minutes. 

Ts there any objection? If not, you may proceed. 

As you know, I am very much interested in the Federation of 
American Scientists and devoted to their program. 

Dr. Srnove. I would like to introduce in the record at the end of this 
testimony a copy of the report which the Radiation Hazards Commit- 
tee has prepared, and if there are any questions we can discuss it fur- 
ther tomorrow. : 

I think it is useful to put the fallout problem in perspective through 
a look at some of the numbers of individuals affiected by fallout prob- 
lems as compared to those affected by other related effects and some 
of these numbers are written out in this report. 

(The report above referred to together with two statements by Dr. 
Selove follow :) 


WORLDWIDE FALLOUT FROM H-BomMs TESTING—ALARMING OR NEGLIGIBLE? 


Written by the Radiation Hazards Committee of the Federation of American 
Scientists 


For almost a year highly qualified scientists have been making apparently 
confilicting statements on the hazards of fallout from continued nuclear weapons 
testing. Because of the existence of such conflicting statements, the radiation 
hazards committee has felt it desirable to make an independent and objective 
study of this important issue. 

After 6 months of study and discussion the committee has reached complete 
agreement on the scientific facts of worldwide fallout and its hazard, and on 
the scientific conclusions that can be drawn from these facts. 
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The members are also agreed that arguments for or against the banning of 
nuclear weapons tests must be based primarily on moral grounds and on con- 
siderations of international affairs, and not purely on a scientific evaluation of 
the radiation hazards. ° 

The committee study of the available scientific facts has led to two conclusions: 

First: The added radiation hazard from continued nuclear weapons testing, at 
the present rate, is no greater than that from other radiations normally encoun- 
tered. The radiation from testing will approach a level equivalent to the natural 
background radiation to which the human race has always been exposed. Similar 
radiation doses are obtained from annual chest and dental X-rays. 

Second: This small added radiation, from whatever source, will cause many 
deaths. 

The committee believes that both conclusions are scientifically correct, and in 
no way contradict each other. 

Unfortunately, those who believe that we should continue testing in order to 
maintain a lead in nuclear weapons often emphasize the first conclusion and 
ignore the second. Similarly those who believe that a test ban is desirable, since 
it may lessen international tension, often emphasize the second and ignore the 
first. The committee believes that both statements must be taken together, since 
either alone is misleading. 

How is it that both statements are correct? Why are they not contradictory? 
Only by an examination of the facts can these questions be answered. 


1. OUR NORMAL RADIATION BACKGROUND 


One must first recognize that the human race has always been subjected to 
a continuing radiation dose from natural, unavoidable causes such as cosmic 
radiation from outer space and natural radioactivity in earth and rocks. For 
comparative purposes we have taken as standard the normal, unavoidable, radia- 
tion experienced by a person living in a frame house in Germantown, Pa. 

The figures below show that a person living in a stone house in Denver ex- 
periences a background radiation 35 percent higher than the Germantown resi- 
dent. Other similar variations occur, owing to differences in the radium con- 
tent of the drinking water, the wearing of a luminous dial wristwatch, ete. 
Many of us experience even larger doses from annual dental or chest X-rays. 

How will the radiation dose from continued H-bomb testing compare with 


these “normal” radiations? 
Added radiation 
dose above the 
natural background 
dose received by a 
Germantown resident 
living in a frame 


“Natural” causes: house (percent) 
Pevataih 2 Ot ts OLOELOue NONeGs . ere e See Oe ee 20 
Living at 5,000 feet altitude (Denver, Colo.) _----._---u-- + 15 
Total additional background for a person living in a stone house in 

POT gp aoe OE oo ae i | gp iat 2 a ED 85 

Other causes: 

2 ee C9 We CUTE) Sg Pe Higa g FS LIN IE nga cael i ea ac Api, aie 20 
Pavan ain a iragat Cnesy a tay 8 a eee From 10 to 200 


2. ADDED RADIATION FROM NUCLEAR WEAPONS TESTING 


The radiation hazards from weapons testing that are the most serious are 
first the hazard to individuals due to the accumulation of radioactive strontium 
in the bone, and second the genetic hazard to future generations due to in- 
creased numbers of harmful mutations produced by the general rise in the ex- 
ternal radiation background. 

Considering first the bone radiation from strontium, it has been verified that 
radioactive strontium from weapons already tested is now accumulating on the 
ground. Since strontium is chemically similar to calcium, it is being taken up 
by plants and through our food chain is passing into our bodies and is being 
stored in our bones. Here it emits radiations, causing an increase in our bone 
dose over that from natural causes. 

Percent 
Present (1955) average annual dose to human bone from strontium from 

Og GLa ig a SS a A or 0.2 
Average annual strontium bone dose in 1970 if no more weapons are exployed 5 
Average annual strontium bone dose by the year 2000 if tests continue.... 
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If weapons testing continues at the present rate, our children and grandchildren 
will on the average receive a bone dose of radiation 35 percent again as much 
as that received from natural causes. 

Turning next to the radiation that may be genetically harmful to future 
generations, it is mainly the increase in external radiations that must be con- 
sidered rather than internal radiations such as bone strontium, If nuclear 
weapons testing continues at the present rate the genetic dose will rise by 
2 percent of the normal background dose. On the average we receive a 60 per- 
cent genetic dose from annual medical and dental diagnostic X-rays. 

What will be the effect of fallout radiation doses as small as a bone dose 
35 percent of natural background, or a genetic dose 2 percent of natural 


background? 
Added radiation 
dose—A bove the 
natural background 
dose received by a 
Germantown resident 
living in a frame 


Cause: house (percent) 
Average added genetic dose if tests continue at the present Tite ees 2 
Present average added genetic dose per year per person in the United 

SSUELO RETO a OTE Y Scat ec ee gaan 60 


8. THE EFFECTS OF RADIATIONS 


(a) The. strontium hazard 

Radiations in large doses are definitely known to produce leukemia and bone 
cancer, and ‘at high dose levels the incidence is proportional to the dose. But 
what is the effect of small doses? For leukemia, evidence has been obtained 
that indicates that the incidence is directly proportional to the radiation received, 
and that about one-tenth of-all present cases are due to normal background 
radiation. It is reasonable to aSsume that the same is also true for bone cancer. 

While these interpretations are not yet rigidly proved, they are reasonable 
conclusions from the data and we can use them as the basis for estimating the 
extent of radiation effects. 

There are 12,000 deaths annually in the United States from leukemia and bone 
cancer. If one-tenth of these cases are due to the natural radiation background, 
then an added radiation dose 35 percent of natural background, whether from 
continued H-bomb testing or from annual chest X-rays for all people, would be 
estimated .to produce 400 additional deaths from bone cancer and leukemia in 
the United States per year. Over one generation of 30 years this figure would 
total 12,000 deaths. Many more deaths will be produced outside the United 
States by continued testing. 


Deaths per year per 5 million people in the United States. (Approximately the 
population of greater Philadelphia) 


Dedths Peryenr croll ail causes ee ee ee 750, 000 
Deaths per year/from motor iaccidents.. 2 ne ee 1, 100 
Deaths per year from bone cancer and leukemia_.__-____--___-________ 380 
Estimated present deaths per year from bone cancer and leukemia caused 

DY NATTA PACK SPOUNG TACISUOU, occ at icine ame ee alee 38 
Estimated added deaths per year from bone cancer and leukemia for 

those living in stone houses at 5,000 feet altitude________-____-______ 13 
Estimated aded deaths per year from bone cancer and leukemia from 

bone cancer and leukemia by 2000 A. D. due to continued testing_.____ 13 
Estimated added bone cancer and leukemia deaths per year in 1970 from 

weapons already exploded... ions eats 12 


1 Per 5 million people. 
£Per 5 million people. 


The above figures are for the United States only. ‘They are probably also cor- 
rest for the rest of the western world, but may be incorrect for those parts of 
the world where the death rate from other causes is much higher than in the west- 
ern world. 
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(b) The genetic hazard 


Mutations, or changes in the hereditary material passed on from parent to off: 
spring, are known to be produced by radiation as well as by chemical and other 
causes, many unknown. 

Geneticists are agreed that any increase in the: mutation rate is bad, and they 
are also agreed that any added radiation dose will increase the mutation rate; 
the larger the dose the greater the number of mutations produced. 

By how much does the mutuation rate in man increase, for an added dose of 
2 percent of the natural background (from continued testing)? Or for an added 
dose of 60 percent of the natural background (the average X-ray dose per Derson 
under 30 in the United States) ? 

The absolute answers to these questions are not known. We can say, though, 
that in the United States the increasing use of X-rays and fluoroscopy for medical 
and dental diagnosis is a very much greater genetic hazard than is the increased 
radition from nuclear-weapons testing. 


4, NUCLEAR WAR. 


Both those who favor continued H-bomb testing and those who favor a test ban 
are agreed that a major nuclear war would be a world catastrophe from which 
civilization might not rise again. They only disagree on the best method of avert- 
ing such a war. Apart from the death, injury and destruction caused at the time, 
the radiation background would be raised many times above that from eontinued 
testing, and would result in further hundreds of millions of deaths in the years 
following the war, 

at CONCLUSIONS 


While the scientific evidence discussed above is admittedly not Huowibtete it is 
complete enough to allow reasonable conclusions to be made. 

First, the radiation hazard from continued nuclear-weapons testing at the 
present rate is no greater than that from other radiations normally encountered. 

_Second, even this small added radiation will cause many deaths. 

Third, even more lives are endangered by other radiation hazards such as 
from X-ray examinations. In the case of X-ray examinations the advantages are 
usually important enough to outweigh the disadvantages. The medical pro- 
fession is alert to this problem and is taking active measures to reduce the ex- 
posure to a minimum. 

Will continued testing lead to a hazard that is alarming? 

If one believes that even one death from fallout is too many, and that no nation 
should subject other peoples to the effects of fallout without their consent, then 
the answer to the question is “Yes.” 

If, on the other hand, one believes that the security of the country depends 
on continued testing, then the answer to the question is, “No; it is a small price 
to pay for security.” 

Each person, in trying to answer these questions for himself, must make 
personal judgments based on the moral problems involved and on the problem 
of maintaining peace. 
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SUMMARY OF REMARKS ON RADIOACTIVE FALLOUT PRESENTED BY WALTER SELOVE 
TO THE JOINT COMMITTEE ON ATOMIC ENERGY AT ITS OPEN HEARINGS 


Although there is no important disagreement among scientists on the magni- 
tude of the average dose of radiation due to fallout, conclusions apparently in 
conflict with each other can be drawn with equal accuracy from the available 
facts. As stated in a report just prepared by the radiation hazards committee 
of the Federation of American Scientists, the available scientific facts lead to 
two conclusions: 

“First, the added radiation hazard from continued nuclear weapons testing 
at the present rate is no greater than that from other radiation normally en- 
countered. The radiation from testing will approach a level equivalent to the 
natural background radiation to which the human race has always been ex- 
posed. Similar radiation doses are obtained from annual chest and dental X-rays. 

“Second, this small, added radiation, from whatever source, will cause many 
deaths. 

“The committee believes that both conclusions are scientifically correct, and 
in no way contradict each other. 

“Unfortunately, those who believe that we should continue testing in order 
to maintain a lead in nuclear weapons often emphasize the first conclusion and 
ignore the second. Similarly, those who believe that a test ban is desirable, 
since it may lessen international tension, often emphasize the second and ignore 
the first. The committee believes that both statements must be taken together, 
Since either alone is misleading.” 

There has not been sufficient time to learn what all the effects of fallout radi- 
ation may be. It is likely to be 10 or 20 years or more before we know with 
much certainty. At present, however, it appears likely that the two principal 
effects of fallout will be the genetic effects from general gamma radiation, and 
the production of leukemia and bone cancer by strontium 90. 

Rough estimates can be made of the number of individuals likely to show 
these effects. The estimates are that, from tests through 1956, some 6,000 in- 
dividuals throughout the world will show serious genetic effects in the next 30 
years, and probably also some 50,000 will develop leukemia or bone cancer. 
(The genetic effects of a given amount of radiation will persist for many genera- 
tions, and the total number of individuals ultimately affected genetically, from 
a given amount of fallout, will be comparable to the total number affected by 
strontium 90.) These estimates can only be made approximately—the correct 
numbers may be several times larger or several times smaller. 

The fallout radiation from past tests represents only a small percentage in- 
crease over natural radiation (cosmic rays, natural radioactivity), and conse- 
quently the effects represent only a small percentage increase over “normal” 
effects. For example, even without fallout some 10 to 20 million people would 
develop leukemia over the next 30 years. Because this number is so large, even 
the small percentage increase in radiation, resulting from tests, still can affect 
such a considerable number of individuals as 50,000. 

Should fallout effects of this magnitude be called “large,” or “small”? This 
is not a question which can be answered on scientific grounds. A personal 
judgment is necessarily involved, based on the problem of securing peace in the 
world and on moral questions. Some of the factors which must be considered 
are (1) the uncertainties as to the nature and magnitude of fallout effects, (2) 
the size of the number 50,000 relative to the numbers of people harmed by other 
reducible effects, and (3) the fact that fallout effects are globel, involving 
peoples primarily outside of the testing countries. 

As new nations enter the nuclear testing program, it can be expected that 
they will be interested in testing bomb types which produce a great deal of fallout. 
There are two dominant reasons for this: First, about the most economical 
way possible to increase the yield of a large bomb is to use an outer shell of 
natural uranium, This leads to an inexpensive large energy release, but also 
to a large release of fission products—the worst kind of fallout. Second, a large 
amount of fallout increases the devastating power of a nuclear bomb. The ad- 
dition of a shell of natural uranium to a large thermonuclear bomb can increase 
the devastating fallout to a very much greater degree, for example, then the 
addition of cobalt to make a “cobalt bomb,” and moreover can at the same time 
increase the energy release by a large amount, which a cobalt shell will not do. 

Although the United States appears to have turned its efforts to designing 
nuclear weapons which produce less fallout, the U. S. S. R. does not appear to 
have followed suit as yet. While the United States Pacific tests of last spring 
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did not add very appreciably to the strontium 90 in this country, the first four 
Russian test explosions of last fall resulted in an increase of about one-third 
in ee strontium 90 concentration in United States soil, within a period of a few 
weeks. 

Official evaluations of the strontium 90 hazard have generally been given 
in terms of a “maximum permissible concentration’ (MPC). The use of such 
a term is unfortunate, since it implies that the immediate and long-term effects 
of small amounts of strontium 90 in human bones are known with precision. 
They are not. Furthermore, it has been noted by many specialists that a ‘‘maxi- 
mum permissible” dose is not necessarily a safe dose. It is possible to estimate 
from available data that, if large numbers of people are given a “permissible” 
dose, or one-tenth microcurie of strontium 90, then it is likely that about one 
in a thousand will develop bone cancer in his lifetime. 

The uncertainty in the specification of a “permissible” level is indicated by 
the fact that the AEC has recently felt it advisable to revise downwards the 
strontium 90 level considered “permissible,” to one-tenth of the value formerly 
used—namely, to one-tenth microcurie for the “standard” man, This has brought 
the AEC “permissible” level into agreement with that recommended for “large 
populations” by the International Commission on Radiological Protection. No 
recommendation hag been given for the case that the entire world population is 
exposed; for this case, there is good reason to take the “acceptable” value as 
being still smaller. 

The setting of a “tolerance” level for strontium 90 is arbitrary. On the as- 
sumption that even small amounts of radiation will produce proportionate 
amounts of leukemia and bone cancer, it can be estimated that a worldwide 
average strontium 90 level equal to the (new) “permissible” level would be 
likely to produce several million cases of leukemia and bone cancer. (A world- 
wide average level equal to the old “permissible” level would correspondingly 
be likely to produce several tens of millions of cases of leukemia and bone 
cancer.) On the basis of these estimates, one would hardly be willing to per- 
mit the world average strontium 99 level to come at all near the “permissible” 
level. 

Although the setting of a “tolerance” level is arbitrary, the strontium 90 
hazard from further testing can be measured against the yardstick of the amount 
of strontium 90 already released by tests to date. By such a yardstick, it could 
reasonably be argued that an increase of, say, 1 part in 1,000 in the amount of 
strontium 90 already distributed globally would hardly be considered catastrophic. 
An increase of that amount would be produced by some 50 kilotons (thousand 
tons of TNT equivalent) of fission yield—2 or 3 of the small bombs used to de- 
stroy Hiroshima. 

The explosion of megaton-range weapons may or may not produce large 
amounts of fallout, depending on the bomb design—in particular, depending on 
whether a large part of the energy release comes from fission. It would take 
only a few bombs of a type releasing some 10 megatons of fission energy to double 
the total global fallout now existing. It is clear that so far as radiation hazard 
is concerned, for bombs of the types which have been tested so far, attention can 
be confined to the large bombs. As to the question of how much we should. 
be concerned over a doubling, say, of the fallout produced so far, that is a matter 
into which many complex factors enter, as discussed previously, and no answer 
can be given on scientific grounds alone. 

Although there is much room for disagreement on evoluation of the available 
data as to the results of fallout from tests, there is no disagreement as to the utter 
catastrophe that would result from a full-scale nuclear war. Hundreds of mil- 
lions of people would be killed outright by blast, fire, and radiation, hundreds of 
millions more would die from the later effects of radiation injury, further com- 
parable numbers in succeeding generations would suffer from genetic effects 
resulting from the radiation, and large parts of the devastated countries would 
be not only destroyed but made uninhabitable for extended periods. 

The AEC is to be highly commended for the detailed measurements it has 
made on fallout, and for the steady release of the results of these measurements. 
However, the AEC has the dual responsibility of conducting a weapons develop- 
ment program and of evaluating the fallout hazard. It can readily be seen that 
decisions felt to be necessary in one area might conflict with and unduly influence 
decisions in the other. Because of these conflicting responsibilities, it may 
legitimately be questioned whether both functions belong in the same agency. 
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The suggestion has been made that an independent group of qualified scientists 
be appointed to take over the study and evaluation of fallout hazard and other 
radiation problems as well. In 1955, the National Academy of Sciences appointed 
a group to conduct such a study. The report submitted by that group was pre- 
pared over a year ago. Since that time, many new data have become available 
and many highly qualified specialists have expressed criticisms of the AEC’s 
treatment of fallout problems. It is very desirable that appraisal of these prob- 
lems be brought up to date. It can be expected that a group chosen to include 
representation of differing points of view can arrive at agreement on an inter- 
pretation of the data which can serve as an authoritative basis for policy de- 
cisions regarding future weapons testing. 

We are at the present time forced into the difficult position of having to make 
decisions on a problem that we do not fully understand. The data on hand, how- 
ever, do tell us this much: The fallout radiation from past tests will constitute 
over the next few decades a small percentage increase over background radiation. 
It is estimated that even this small percentage increase will cause genetic changes 
affecting some tens of thousands of individuals over a number of generations, 
and will probably also produce leukemia or bone cancer in a comparable number 
of individuals over the next few decades. The fallout effects will increase with 
the amount of fission yield in future tests. Each small explosion will contribute 
only a small addition to the fallout radiation already produced; each large explo- 
sion can contribute an appreciable addition. 

It should be emphasized that the effects of nuclear tests are thousands of times 
smaller than the effects which would result from a nuclear war. While there is 
no disagreement that nuclear war would be a disaster which we cannot afford, 
there is disagreement on the best means of avoiding such a war, and some of that 
disagreement seems to have spilled over into the area of evaluation of the fallout 
hazard. 

An objective scientific evaluation of the radiation hazard from fallout can be, 
and should be made independent of any policy or military considerations. The 
extensive information being compiled at these hearings will be of considerable 
help in arriving at such an evaluation. , 


- "TESTIMONY ON RADIOACTIVE FALLOUT 


By Prof. Walter Selove, chairman, radiation hazards committee, Federation of 
American Scientists before the Joint Congressional Committee on Atomic 
Energy 


I am Walter Selove, associate professor of physics at the University of 
Pennsylvania. I have been a member of the radiation hazards committee of the 
Federation of American Scientists (FAS), and was recently elected chairman of 
that committee. The prepared statement which follows is presented with the 
approval of the national executive committee of the FAS. 


INTRODUCTION 


A principal object of this statement is to emphasize that, although there is no 
important disagreement among scientists on the magnitude of the average dose 
of radiation due to fallout, conclusions which may appear to be in conflict with 
each other can be drawn with equal accuracy from the available facts. I should 
like in a moment to quote from a report just prepared by the FAS radiation 
hazards committee. 

The FAS radiation hazards committee consists of several nuclear physicists, 
a biophysicist, a biochemist, a chemist, and a cancer research worker. This com- 
mittee has felt it desirable to make an independent study of the available facts 
on fallout, and has tried to understand the basis of the apparent disagreement in 
the various statements on fallout hazards from qualified scientists. I now quote 
from the report just prepared: 

“The committee study of the available scientific facts has led to two con- 
clusions : 

“First: The added radiation hazard from continued nuclear weapons testing at 
the present rate is no greater than that from other radiation normally encoun- 
tered. The radiation from testing will approach a level equivalent to the natural 
background radiation to which the human race has always been exposed. Simi- 
lar radiation doses are obtained from. annual chest and dental X-rays. 
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" ieee This small added radiation, from whatever source, will cause many 
eaths 

“The committee believes that both conclusions are scientifically correct, and 
in no way contradict each other. 

“Unfortunately, those who believe that we should continue testing in order to 

maintain a lead in nuclear weapons often emphasize the first conclusion and 
ignore the second. Similarly, those who believe that a test ban is desirable, 
since it may lessen international tension, often emphasize the second and ignore 
the first. The committee believes that both statements must be taken together, 
since either alone is misleading.” 

I shall shortly discuss these apparently conflicting conclusions in more detail; 
I wish here, however, to quote further from the final part of this report: 

“While the scientific evidence * * * is admittedly not complete, it is com- 
plete enough to allow reasonable conclusions to be made: 

“First: The radiation hazard from continued nuclear weapons testing at the 
present rate is no greater than that from other radiation normally encountered. 

“Second: Even this small added radiation will cause many deaths. 

“Third: Even more lives are endangered by other radiation hazards, such as 
from X-ray examinations. 

“In the case of X-ray examinations, the advantages are usually important 
enough to outweigh the disadvantages. The medical profession is alert to this 
problem and is taking active measures to reduce the exposure to a minimum. 

“Will continued testing lead to a hazard that is alarming? 

“If one believes, as does Dr. Albert Schweitzer, that continued weapons devel- 
opment will not contribute to security, and that no nation should subject other 
peoples involuntarily to the effects of fallout, then obviously even one death from 
fallout is too many and the answer to the question is ‘Yes.’ 

“If, on the other hand, one believes, as does AEC Commissioner Libby, that the 
security of the country depends on continued testing, then the answer to the 
question is ‘No, the hazard is a small price to pay for security.’ 

“Each person, in trying to answer these questions for himself, must make per- 
sonal judgments based on the moral problems involved and on the problem of 
securing peace.” 

The members of the committee are agreed that: 

“* * * arguments for or against banning nuclear weapons tests must be based 
primarily on moral grounds and on considerations of international affairs, and 
not purely on a scientific evaluation of the rediation hazards.” 

I should like to confine this written statement to a discussion of the scientific 
questions involved, and will not present in it any evaluation as to whether the 
fallout hazard from tests is alarming or negligible. I omit presenting any such 
evaluation in this Statement because it cannot be made on scientific grounds alone, 
and I wish to try to follow the Joint Committee’ s request to distinguish wernt 
between fact and opinion. 

Rather than trying to cover fallout problems ax Hhustively’ I wish to focus inese 
remarks on a few aspects of the matter, primarily concerned with the global and 
long-lasting part of fallout. 


- UNCERTAINTIES IN NATURE AND MAGNITUDE OF EFFECTS 


Strontium 90 is generally agreed to be the most worrisome component of fall- 
out at the present time. The energy resulting from the radioactive decay of 
strontium 90 is only about one-two-hundredths of all the radioactive energy in 
fallout. Nevertheless, strontium 90 is one of the most important of the fallout 
components because of its long persistence and its concentration into a relatively 
small part of the human body—the skeleton. In regard to worldwide effect, it 
does not appear at present that any other fallout component presents a hazard 
comparable to that of strontium 90, but I do not believe it has been demonstrated 
beyond reasonable doubt that no other fallout component is concentrated, perhaps 
in some particular organ, perhaps through the food chain, to a level likely to 
present an appreciable hazard. 

It must be said that no one knows with certainty what effects will be pro- 
duced in humans by small amounts of strontium 90 carried for long periods of 
time. There is no direct experience with strontium 90 in humans under these 
conditions. We are therefore limited to extrapolations from animal studies and 
from effects of other radiation sources on humans. On consideration of the 
physical and chemical effects of strontium 90 radioactivity, there seems good 
reason to believe that no new type of effect will turn up, but again I believe this 
cannot be said with absolute certainty. 
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STRONTIUM 90 DOSE LEVELS AND INTERPRETATIONS IN TERMS OF NUMBER OF 
INDIVIDUALS AFFECTED 


With the support of the AEC, data have been collected from ary parts of the 
globe which permit a fairly accurate statement of the average dose of radiation 
from strontium 90. There is no important disagreement about this data per se. 
Here it should be stressed first of all that, in some areas, because of differences 
in fallout patterns, differences in the nature of the soil and differences in dietary 
habit, the dose of radiation from strontium 90 may be considerably higher than 
the average. However, accepting the average figure as a basis for discussion, 
what are the expected effects? Here, there is some disagreement, involving differ- 
ing scientific opinion. 

The principal effect of strontium 90 will probably be the production of bone 
cancer and leukemia. Although we cannot know the full effects of strontium 90 
in humans until 20 years or more have passed, estimates of the number of new 
cases induced can be made, as already mentioned, by reference to animal experi- 
ments and to certain data on humans who have been exposed to radiation of 
other sorts. 

That radiation can induce cancer is known.: Animal experiments show that the 
number of induced tumors is directly related to the total amount of radiation 
given. It is true that these data are obtained with high doses of radiation and 
it is not certain that the results can be extrapolated to low doses of radiation. 
Such an extrapolation is, on the other hand, a reasonable one and results re- 
ported in a recent paper by E. B. Lewis (Science, May 17, 1957) strongly support 
the validity of such an extrapolation in the case of radiation-induced leukemia in 
man. Dr. Lewis’ work suggests, in fact, that 5 to 10 percent of all present cases 
of leukemia are due to normal “background” radiation reaching the bones— 
cosmic rays, and natural radioactivity from our surroundings and from internal 
sources. If this is true for the cancerlike disease, leukemia, it is reasonable to 
assume that, for bone cancer as for leukemia, a fraction of present cases is due 
to normal background radiation, The total number of deaths due to bone cancer, 
in the United States, is only one-fifth of the number due to leukemia, so if we 
lump bone cancer and leukemia effects together, estimates of the production of 
these two diseases by radiation will not be far in error, even if we do not know 
with any accuracy what fraction of bone-cancer deaths is normally due to back- 
ground radiation. We therefore assume that about 10 percent of the normally 
occurring cases of bone cancer as well as of leukemia are due to background 
radiation. . (See p. 962.) 

If natural background dose to the bone is responsible for 5 to 10 percent of 
normal leukemia and bone cancer, then even a small percentage increase over 
background would harm many individuals. The average bone dose of radiation 
from strontium 90 derived from tests already conducted will rise to 5 to 10 percent 
of natural background. The incidence of leukemia and bone cancer would conse- 
quently rise one-quarter to 1 percent. Since some 10 million individuals in the 
next generation would normally die of leukemia or bone cancer (estimate based 
on statistics for the United States), this one-quarter to 1 percent increase repre- 
sents 25,000 to 100,000 individuals. Thus, although normally only about 1 in 
150 or so of all deaths (statistics for United States) would be due to leukemia or 
bone cancer, an increase as small as one-quarter.to 1 percent in this rate still 
represents many individuals. 

It may be noted that these figures are consistent with a recent estimate made 
by the Radiation Hazards Committee of the British Atomic Scientists Associa- 
tion. That committee estimated that, subject to the assumption that even small 
radiation doses produce proportionate amounts of bone cancer, some 50,000 cases 
of bone cancer might be expected to develop as a result of nuclear tests already 
carried out. 

A great deal of apparent disagreement on the dangers of fallout has probably 
been due simply to a difference in emphasis. The AEC has emphasized that the 
radiation from strontium 90 from tests so far will represent only a few percent 
increase over natural background radiation, on the average, and the AEC has 
further emphasized that this average increase in radiation due to strontium 90 
is small compared to the additional radiation exposure many people receive as a 
result of living with a higher background radiation level than average, or as a re- 
sult of medicai X-rays. Relative to other sources of radiation, then, it is per- 
fectly true that fallout radiation contributes, at the present level of testing, only a 
small additional increment. On the other hand, it can be stated that even a small 
percentage increase over natural background radiation is likely to harm a con- 
siderable number of individuals, as discussed above. 
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The likelihood that even a small percentage increase over background radia- 
tion will cause many deaths applies to radiation from other sources as well as 
to fallout radiation. It should be remarked that the very rapidly increasing 
awareness of the effects of radiation is already leading to greatly improved 
X-ray techniques. 
THE EFFECT OF FLUCTUATIONS 


The fact that fallout is not distributed with absolute uniformity among all 
the people of the world affects the evaluation of the fallout hazard in two im- 
portant ways. First, as has been emphasized by many people, and particularly 
by Dr. William Neuman, if a “maximum permissible” level of fallout material, 
say of strontium 90, is agreed upon, then the world-average level should not be 
allowed to go beyond a fraction of it, or else an appreciable part of the world 
population would be subjected to more than the ‘maximum permissible” level. 

Second, the detectability of fallout effects, which to a considerable extent de- 
termines the psychological impact of the effects, will be increased as a result 
of variations in the amount of fallout, in the diet, and in the nature of the soil. 
Some 50,000 individuals may develop leukemia and bone cancer from strontium 
90. due to tests so far.. If these 50,000 were fairly uniformly spread over the 
world, they would probably be undetectable among the 3 million or so “normal” 
eases of bone cancer and the 10 million or so “normal” cases of leukemia which 
would be present even if there had been no fallout. But in actual fact some 
world areas will suffer more heavily than others, due to diet and soil nature, 
and due to the nonuniform distribution of fallout. Although the world-average 
increase in leukemia or bone cancer, for 50,000 total cases due to fallout, would 
be only 1 in about 60 normally occurring cases of bone cancer, or 1 in about 
500 normally occurring cases of leukemia, the relative increase in some areas 
might be as high as about 1 case for every normally occurring case of bone 
cancer. Even such a 100 percent effect, from tests so far, might be hard to 
detect, because the normal incidence of bone cancer is so low, and the number 
of people subjected to extreme levels is probably very limited. 


IS THERE A DANGER FROM TEST FALLOUT? 


The two principal effects of fallout appear to be the genetic effects from gen- 
eral gamma radiation, and the production of leukemia and bone cancer by str#nti- 
um 90. Scientists are agreed that genetic effects are produced even by small 
amounts of radiation. With regard to somatic effects, such as cancer, a con- 
siderable body of scientific opinion holds, with some support from experimental 
data and with some basis in theory, that these, also, can be produced even by 
small doses of radiation. On the assumption that this is true, it can be esti- 
mated that the number of individuals likely to be directly harmed in the coming 
generation by strontium 90 will probably be greater than the number showing 
genetic effects in that generation—although, for a given amount of fallout, the 
genetic effects will persist for many generations and will eventually cause direct 
injury to a total number of persons comparable to that affected by strontium 40. 
In terms of the immediate impact, therefore. we can concentrate our attention 
on strontium 90. In regord to the genetic effect of fallout, Warren Weaver, vice 
president of the Rockefeller Foundation and Chairman of the National Academy 
of Sciences Committee on the Genetic Effects of Atomic Radiation, estimated 
before a Senate subcommittee on January 16 that radioactive fallout from nu- 
clear weapons testing to date will account for some 6,000 of the 30 million 
“handicapped” babies to be born in the coming generation. In regard to the 
effects of strontium 90, estimates quoted previously indicate that some 50,000 
individuals over the next 30 years may develop leukemia or bone cancer as a 
result of tests to date. 

How much should one be concerned about fallout effects of this magnitude? 
This is not a question which can be answered on scientific grounds. Even if 
one accepts the interpretation of the data presented above as a basis for esti- 
mating the number of individuals who will show genetic or somatic effects as 
a result of the 50 megatons (millions of tons of TNT equivalent) fission yield 
of tests so far, there are a number of other factors that must be carefully 
weighed before final judgment can be reached on the significance of the hazard, 
Probably no absolute evaluation will be possible, but instead, the evaluation 
will have to be made relative to the problem of securing peace in the world 
and in relation to the moral problems involved. A discussion of some of these 
questions would take us out of the area at which this statement is directed, 
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but it does seem desirable to emphasize that three of the pertinent factors 
which must be considered are: (1) The uncertainties as to the number of in- 
dividuals affected (the number may be smaller than 50,000, or larger), and the 
remaining uncertainties as to what all the effects of fallout radiation will be; 
(2) the size of the number 50,000 relative to the numbers of people harmed 
by other reducible effects; and (3) the fact that the fallout effects are global, 
involving citizens primarily of countries other than the testing countries. 

The global effects of fallout (as opposed to the more local effects) come al- 
most exclusively from explosions of large nuclear weapons; a single one of 
these can. produce as much worldwide fallout as a thousand bombs of the size 
used at Hiroshima. Those who consider the further development of large 
nuclear weapons necessary for military security view the probable effects of 
fallout as a small addition to other hazards of day-to-day living. Those who 
consider that the further development of large nuclear weapons moves the world 
away from peace rather than toward it of course do not feel that the mili- 
tary desirability of such weapons justifies the probable fallout effects of tests. 
Finally, there is a third group who, while not certain whether the further de- 
velopment of large weapons is likely to be useful, feel that in view of the un- 
certainties as to the nature and magnitude of fallout effects, and in view of 
the international political impact that testing of large nuclear weapons pro- 
duces in the involuntarily exposed majority of the world, the nuclear testing 
powers would be well advised to exercise strong restraint with regard to tests 
producing further significant amounts of fallout. 

As new nations enter the nuclear testing program, it can be expected that 
they will be interested in testing bomb types which produce a great deal of 
fallout. There are two dominant reasons for this: First, about the most eco- 
nomical way possible to increase the yield of a large bomb is to use an outer 
shell of natural uranium. This leads to an inexpensive large energy release, 
but also to a large release of fission products—the worst kind of fallout. Sec- 
ond, a large amount of fallout increases the devastating power of a nuclear 
bomb. The addition of a shell of natural uranium to a large thermonuclear 
bomb can increase the devastating fallout to a very much greater degree, for 
example, than the addition of cobalt to make a “cobalt bomb,’ and moreover 
can at the same time increase the energy release by a large amount, which a 
cobalt shell will not do. 

Although the United States appears to have turned its efforts to desiging 
nuclear weapons which produce less fallout, the U. 8.-S.-R. does not appear 
to have followed suit as yet. While the United States Pacific tests of last spring 
did not add very appreciably to the strontium 90 in this country, the first 4 Rus- 
sian test explosions of last fall resulted in an increase of about one-third in 
the strontium 90 concentration in United States soil, within a period of ‘a few 
weeks. Since that time, the U. S. S. R. has set off at least 8 additional nuclear 
explosions (as of May 15). No information of any precision has as yet been 
released on the size of these explosions and on the amount of radiactive fallout 
resulting from them. 


THE AMOUNT OF TESTING WHICH CAN BE “TOLERATED” 


It is not practical to speculate here on what new kind of fallout radiation 
might be produced by new types of nuclear weapons. Consequently the “toler- 
able” level of testing will be discussed in terms of the kinds of weapone which 
have already been exploded. As discussed previously, attention will be concen- 
trated on the effects of strontium 90. 

Official evaluations of the strontium 90 hazard have. generally been given in 
terms of a “maximum permissible concentration” (MPC). The use of such a 
term is unfortunate, since it implies that the immediate and long-term effects 
of small amounts of strontium 90 in human bones are known with precision. 
They are not. Furthermore, it has been noted by many specialists that a “maxi- 
mum permissible” dose is not necessarily a safe dose. It is possible to estimate 
form available data that, if a large number of people are given a “permissible” 
dose, of one-tenth microcurie of strontium 90, then it is likely that about one in a 
thousand will develop bone cancer in his lifetime. (This estimate follows di- 
rectly from the results of the British Atomic Scientists Association study of 
strontium 90 referred to above.) 

The uncertainty in the specification of a “permissible” level is indicated by 
the fact that the AEC has recently felt it advisable to revise downwards the 
strontium 90 level considered “permissible,” to one-tenth of the value formerly 
used—namely, to one-tenth microcurie for the “standard” man. This has 
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brought the AEC “permissible” level into agreement with that recommended for 
“large populations” by the International Commission on Radiological Protec- 
tion. No recommendation has been given for the case that the entire world 
population is exposed ; for this case, there is good reason to take the “acceptable” 
value as being still smaller. 

Strontium 90 decays relatively slowly (half life of 28 years), and so the ef- 
fects of amounts produced within a span of only a few years are cumulative. 
The amount of strontium 90 distributed over the world in fallout is proportional 
to total fission yield for a nuclear explosion. How many megatons (millions of 
tons of TNT equivalent) of fission yield can we “tolerate?’ No simple answer 
can be given to this question. 

As discussed previously, the setting of a “tolerance” level is arbitrary. It can 
reasonably be expected that for leukemia and bone cancer due to strontium 90, 
just as for genetic effects, even small amounts of radiation will produce propor- 
tional effects. According to the estimates given previously, a worldwide aver- 
age strontium 90 level equal to the (new) “permissible” level would be likely 
ts produce several million cases of leukemia and bone cancer. (A worldwide 
average level equal to the old “permissible” level would correspondingly be likely 
to produce several tens of millions of cases of leukemia and bone cancer.) On 
the basis of these estimates, one would hardly be willing to permit the world- 
uverage strontium .90 level to come at all near the “permissible” level. 

This points up the urgeney of obtaining a more accurate evaluation of the 
level of strontium 90 which can produce injurious effects. It can be expected 
that it will be some time before such information can be obtained, because the 
full effects ef small doses: will probably appear only after 10 or 20 years, or 
more. ° ft. x 

This discussion also points up the fact that use of the term “maximum per- 
missible level” does not give an accurate impression either of the uncertainties 
involved. or of the fact that, if the world-average strontium 90 level were to 
become equal to:.the (new) “permissible” level, then the damage likely to be 
produced is measured:in millions of cases of bone cancer and leukemia, and is 
hardly likely to be ‘‘permissible.” It would be better to express the magnitude 
of fallout radiation in arbitrary units—say, in “strontium units’—or else rela- 
tive to the average magnitude of background radiation. . 

Let us return to the question of how many megatons of fission yield we can 
tolerate. It is frequently useful to use the magnitude of an existing hazard.as 
a yardstick for evaluating a contemplated hazard. In this case, we may use 
as a yardstick the amount of strontium 90 already released by tests to date. 
By such a yardstick, it could reasonably be argued that an increase of, say, 1 
part in 1,000 in.the amount of strontium 90 already distributed globally would 
hardly be considered catastrophic. An increase of that amount would be pro- 
duced by some 50 kilotons (thousand tons of TNT equivalent) of fission yield— 
2 or 3 of the small bombs used to destroy Hiroshima. 

The explosion of megaton-range weapons may or may not produce large 
amounts of fallout, depending on the bomb design—in particular, depending on 
whether a large part of the energy release comes from fission. It would take 
only a few bombs of a type releasing some 10 megatons of fission energy to 
double the total global fallout now existing. It is clear that so far as radiation 
hazard is concerned, for bombs of the types which have been tested so far, at- 
tention can be confined to the large bombs. As to the question of how much we 
should be concerned over a doubling, say, of the fallout produced so far, that 
is a matter into which many complex factors enter, as discussed previously, 
and no answer can be given on scientific grounds alone, 


FALLOUT IN WAR 


Although there is much room for disagreement on evalution of the available 
data as to the results of fallout from tests, there is no disagreement as to the 
utter catastrophe that would result from a full-scale nuclear war. Hundreds of 
millions of people would be killed outright by blast, fire, and radiation, hundreds 
of millions more would die from the later effects of radiation injury, further com- 
parable numbers in succeeding generations would suffer from genetic effects re- 
sulting from the radiation, and large parts of the devastated countries would be 
not only destroyed but made uninhabitable for extended periods. 


REAPPRAISAL OF FALLOUT PROBLEMS 


The AEC is to be highly commended for the detailed measurements it has made 
on fallout, and for the steady release of the results of these measurements, 
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However, the AEC has the dual responsibility of conducting a weapons develop- 
ment program and of evaluating the fallout hazard. It can readily be seen that 
decisions felt to be necessary in one area might conflict with and unduly influence 
decisions in the other. Because of these conflicting responsibilities, it may legiti- 
mately be questioned whether both functions belong in the same agency. 

The suggestion has been made that an independent group of qualified scientists 
be appointed to take over the study and evaluation of fallout hazard and other 
radiation problems as well. In 1955, the National Academy of Sciences appointed 
a group to conduct such a study. The report submitted by that group was pre- 
pared over a year ago. Since that time, many new data have become available. 
and many highly qualified specialists have expressed criticisms of the AEC’s 
treatment of fallout problems. It is very desirable that appraisal of these 
problems be brought up to date. It can be expected that a group chosen to in- 
clude representation of differing points of view can arrive at agreement on 
an interpretation of the data which can serve as an authoritative basis for 
policy decisions regarding future weapons testing. 


CONCLUDING REMARKS 


- We are at the present time forced into the difficult position of having to make 
decisions on a problem that we do not fully understand. The data on hand, 
however, do tell us this much: The fallout radiation from past tests will consti- 
tute over the next few decades a small percentage increase over background 
radiation. It is estimated that even this small percentage increase will cause 
genetic changes affecting some tens of thousands of individuals over a number 
of generations, and will probably also produce leukemia or bone cancer in a 
comparable number of individuals over the next few decades. The fallout effects 
will increase with the amount of fission yield in future tests. Each small ex- 
plosion will contribute only a small addition to the fallout radiation already pro- 
duced ; each large explosion can contribute an appreciable addition. 

It should be emphasized that the effects of nuclear tests are thousands of times 
smaller than the effects which would result from a nuclear war. While there 
is no disagreement that nuclear war would be a disaster which we cannot afford, 
there is disagreement on the best means of avoiding such a war, and some of that 
disagreement seems to have spilled over into the area of evaluation of the fallout 
hazard. . 

An objective scientific evaluation of the radiation hazard from fallout can be, 
and should be, made independently of any military or policy considerations. The 
extensive information being compiled at these hearings will be of considerable 
help in arriving at such an evaluation. 

Dr. Srrovr. On the question of how much testing can be tolerated, 
you have had testimony here as to a possible permissible testing level 
of a number of megatons per year. I would like to emphasize that 
Im arriving at a permissible level the question of whether or not there 
is a threshold is a crucially important one. For those effects for which 
there is no threshold, for which effects are produced by even small 
amounts of radiation, then certainly without question from anyone 
effects are produced by even the smallest amount of testing and if one 
wants to continue a testing program it can only be on the basis of 
balancing the presumed advantages from testing against the certain 
disadvantages in terms of individuals affected. 

With regard to the specification of a permissible level, I think 
it should be said that the use of the term “maximum permissible con- 
centration” is rather unfortunate, especially with respect to strontium 
90, since this term implies that the immediate and long-term effects 
of small amounts of strontium 90 in human bones are known with 
precision. They are not known with precision. 

Furthermore, it has been noted by many specialists that a “maximum 
permissible” dose is not necessarily a safe dose. It is possible to 
estimate from available data that. if.a large number of people are 
given a permissible dose such as is now used for the population and 
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if the effects of strontium 90 are proportional to the dose, then it is 
likely that about one in a thousand will develop bone cancer in his 
lifetime. 

Senator AnpErson. Does that mean one additional person ? 

Dr. SeLove. One in a thousand of all individuals. One ina thousand 
normally die of bone cancer. I am saying it can be estimated from 
the numbers which have been given to this committee, that if the 
entire world population were to receive what is now called a maximum 
permissible dose of strontium 90 for the population, that is 10 times 
less than the level prescribed for occupational exposure, then it can 
be estimated that one in a thousand of all the people in the world 
would develop bone cancer. That means that several million cases 
of bone cancer and leukemia would be developed. On this basis one 
would hardly be willing to let the world level of strontium 90 to come 
to the permissible level. 

Senator Anperson. I am sorry I did not get the question clearly. 
You said a certain number would develop bone cancer independent 
of the fallout ? 

Dr. Srnove. Yes. 

Senator ANnperson. Did you say an additional number would 
develop it? 

' Dr. Sretove. Yes. 7 | 

Senator ANprerson. One out of a thousand additionally would 
develop it. | 

Dr. Senove. That is correct. In other words, even without fallout, 
during the next 30 years when some half of the present world popu- 
lation is dying, some 3 million cases of bone cancer would normally 
develop. Some 10 million cases of leukemia would normally develop. 
If the world were to receive a maximum permissible dose of strontium 
90 it can be estimated that these normal effects might be almost 
doubled. 3 

On that basis we would hardly be willing to have a world average 
level equal to the permissible level. This rests on the crucial question 
of whether the effects of small doses of strontium 90 are visible or 
whether there is threshold. This point you have heard much discus- 
sion on. I think you have seen by now that there is not at present suf- 
ficient data to know whether there is or is not a threshold behavior. 

Senator Anperson. Would I be safe in concluding that most of the 
geneticists believe that there was not a threshold? — _ 

Dr. Srerove. I think that would be a fair interpretation. 

Representative Corz. No threshold as far as genetic effects are con- 
cerned ? , 

Dr. Srtove. There is complete agreement on that question. Com- 
parable numbers of individuals will be affected genetically to those 
affected by strontium, It is true the genetic effects are spread over a 
large number of generations; so in the coming generation, for a given 
amount of fallout, the number of individuals who show genetic effects 
may be 10 times smaller than the number who will show the effects 
of strontium 90, if they show them at all. 

Therefore, as far as the immediate impact of the fallout is con- 
cerned I would say we can confine our attention to strontium 90. 


The AEC has made very fully 





93299°—57—pt. 2——20 


1808 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Representative Corr. On that last statement, Doctor, does that 
mean that in your opinion we should be considerably more concerned 
about the effect of strontium 90 than be concerned with the genetic 
effect of fallout? | 

Dr. Srnove. No. I think according to the estimates one can make 
from the present limited data, about comparable number of individ- 
uals will be affected genetically and by strontium 90. 

However, during the next 30 years one can estimate that some 6,000 
babies will show serious genetic effects from fallout so far, whereas 
some 50,000 individuals may develop leukemia or bone cancer from 
fallout so far. 

Representative Corr. Of what population? 

Dr. Srexove. The world population. ; 

Chairman Duruam. That is based on the amount of strontium at 
the present time in the stratosphere. | : : 

Dr. Sexove. From tests so far. Most of the strontium 90 produced 
is now on the ground. 

The AEC has made very fully available its measurements on fallout, 
and it should be commended for this. ' However, the AEC has the dual 
responsibility of conducting a weapons-development program and of 
evaluating the fallout hazard. This isa very difficult position for any- 
one to be placed in. I would not want the job. It can readily be seen 
that decisions felt to bé necessary in one area might conflict and unduly 
influence decisions in the other. Because of these conflicting responsi- 
bilities it may legitimately be questioned whether both functions 
belong in the same agency. 

The National Academy of Sciences has made an independent study 
of these problems with a group appointed in 1955. The report _pre- 
pared by that group was prepared about a year and a half ago. Since 
that time, many new data have become available and many highly 
qualified specialists have expressed criticism of the AEO’s treatment of 
fallout problems. I think it is very desirable that an appraisal of these 
problems be brought up to date. It can be expected that a group 
chosen to include representation of different points of view can at least 
arrive at agreement on what can be positively concluded from the 
available data. 

I would like to summarize that we are at the present time forced into 
the position of having to make decisions on a problem that we do not 
fully understand. That data on hand, however, do tell us this much: 
The fallout radiation from past tests will constitute over the next few 
decades a small percentage increase over background radiation. It is 
estimated that even this small percentage increase will cause genetic 
changes affecting some tens of thousands of individuals over a number 
of generations, and will probably also produce leukemia or bone cancer 
in a comparable number of individuals over the next few decades. ‘The 
fallout effects will increase with the amount of fission yield in future 
tests. Each small explosion will contribute only a small addition to 
the fallout radiation aready produced. Each large explosion can con- 
tribute an appreciable addition. 

It should be emphasized that the effects of nuclear tests are thou- 
sands of times smaller than the effects which would result from a 
nuclear war. While there is no disagreement that nuclear war would 
be a disaster which we cannot afford, there is disagreement on the best 
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means of avoiding such a war, and some of that disagreement seems 
to have spilled over into the area of evaluation of the fallout hazard. 

An objective scientific evaluation of the radiation hazard from fall- 
out can be, and should be, made independently of any military or 
policy considerations. The extensive information being compiled at 
these hearings will be of considerable help in arriving at such an 
evaluation. 

Senator Anperson. Thank you, Doctor. I do want to assure you 
that this committee has been trying to make some sort of objective 
scientific evaluation of it. 

Dr. Sevove. I want to commend it for its effectiveness in bringing 
out such a vast amount of data in a way which will be very under- 
standable to very many people in such a short time. 

Senator Anperson. We appreciate very much the contribution 
which the scientists have made and are making to this, you included. 
I am very sorry that you had to wait to the end of a long day for your 
paper. 

Dr. Setove. Iam sorry you had to sit through it. 

Senator Anprerson. We are happy to do it. 

The committee will meet tomorrow in the House caucus room at 10 
o’clock. 

- (Thereupon, at 5 p. m., Wednesday, June 5, 1957, the committee 
recessed, to reconvene at 10 a. m., Thursday, June 6, 1957, in the House 
caucus room. ) 
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THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 


THURSDAY, JUNE 6, 1957 


Coneress OF THE UNITED Srartes, 
SPECIAL SuBcoMMITTEE On RapraTIon 
OF THE Joint Committee on Atomic Enerey, 
Washington, D. C. 

The special subcommittee met, pursuant to recess, at 10:05 a. m., in 
the caucus room, Old House Office Building, Hon. Chet Holifield, 
chairman of the subcommittee, presiding. 

Present: Representatives Holifield, Durham (chairman of the Joint 
Committee), Price, Cole, Van Zandt, Jenkins; Senators Anderson and 
Bricker. 

Also present: Professional staff members: James T. Ramey, execu- 
tive director; George E. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. Tompkins, consultant. 

Representative Hortrretp. The subcommittee will be in order. 

We have planned to start the meeting this morning with a discus- 
sion on the present state of affairs, and we have invited Dr. Libby, Dr. 
Selove, Dr. Neuman’ Dr. Machta, Dr. Crow, Dr. Brues, and Mr. Eisen- 
bud to take part in this seminar. I understand Dr. Shields Warren is 
here, and we will be delighted to have you come up. 

Will you gentlemen come forward to the table ? 

Mr. Hollister will start off the seminar with a statement or question. 


DISCUSSION BY DRS. WILLARD F. LIBBY, WALTER SELOVE, 
WILLIAM F. NEUMAN, LESTER MACHTA, JAMES F. CROW, 
AUSTIN BRUES, MERRIL EISENBUD, SHIELDS WARREN, CHARLES 
L. DUNHAM, BENTLEY GLASS, AND WRIGHT LANGHAM 


Mr. Hotutster. Mr. Chairman, I would like to suggest, because of 
the long and tiring day we had yesterday, and because Dr. Selove has 
made special arrangements to be with us this morning for about an 
hour, that he be given about 10 or 15 mmutes to summarize very 
quickly the points that he was making yesterday afternoon. 

Representative Horirretp. Will you do that, Dr. Selove, in order 
that we may regain the points in your testimony. Also I understand 
you have to leave at 11 oclock. 

Dr. Setove. Yes. 

Representative Horirreip. So we will let you start off. 

Dr. Sevove. Thank you. ; 

This discussion yesterday and this morning is intended to provide a 
Summary discussion of the interrelationships and implications on pol- 
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icy of fallout matters. I would just like to simply itemize the princi- 
pal points that I would like to make at this time. 

First, I think it has been brought out clearly before this committee’ 
that there is some effect from any amount of radiation. There is com- 
plete agreement among geneticists and others who have studied the 
problem that genetic effects are produced even by very small amounts 
of radiation. Of course, with extremely small amounts, there are cor- 
respondingly small effects. 

But the major point is there is no safe level for genetic effects in the 
sense of the existence of a level below which no effects would occur. 
There is no such level. 

As to the somatic effects, and perhaps the ones that have received 
the most attention are the production of leukemia and bone cancer 
by strontium 90, there is not sufficient scientific evidence at present 
to determine whether or not there is a safe level for such effects. 

I believe it is fair to say, as I said yesterday, that on the basis of 
the available data, the interpretation that effects are produced even 
by small amounts of strontium 90 seems to be at least as reasonable 
as the interpretation that they are not. 

The second major point I would like to make is that I believe the 
term “permissible level” is an unfortunate one to use in discussing 
fallout effects. These effects, to be sure, may be very small on a per- 
centage basis. At the same time they may involve many individuals. 
1 think “permissible level” is a term which is generally understood 
to mean a level not such that there is no risk at all, but a level which 
is taken to be acceptable by those subjected to the hazard in return 
for some presumed benefit. | 

Now this is true, for example, in the case of X-ray exposure where 
there is certainly some genetic effect. : Pre 

Representative Horirmip. May I interrupt you just'a moment? I 
understand Dr. Glass isin the audience. Dr. Glass, we have one empty 
chair up here. Would you join us? | 

Dr. Grass. Yes. 

Representative Hortrietp. Continue, Dr. Selove. 

Dr. Srtove. To continue, then, in the case of X-rays, for example, 
the permissible level has been established —— 

Senator Anprrson. Just a second. I would hope if we are going 
to fill this extra chair, we would add another one and ask Dr. Dunham 
to come up. acre se 

Representative Hottriecp. Dr. Dunham, we can find a chair for you, 
too. 

Of course, getting this many here is not to make it mandatory that 
each one of you take 20 minutes. It is only if you have something of 
real importance to add that you feel like you should add. Otherwise, 
it might become unmanageable. But we want to show you the courtesy 
of an opportunity in case you do wish to speak. 

Go ahead, Dr. Selove. Excuse me. 

Dr. Setove. I would like to reemphasize that a permissible level 
should be understood to be a level which the people who are subjected 
to it, or their representatives, have decided is an acceptable level in 
view of the advantages associated with whatever hazards we are 
concerned with. 

In the case of radioactive fallout, although the effects represent a 
very small percentage of similar effects occurring normally, in view 
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of the worldwide concern over this effect, it is not correct to speak of 
ermissible level meaning no risk. It should be understood just what 
is meant by permissible level. 

Senator Anprrson. In other words, you think there ought to be a 
balance. You weigh the dangers? | 

Dr. Srxove. Against the advantages. Ordinarily, in the case of 
X-rays, for example, a doctor and his patient decide together—actu- 
ally, of course, the doctor decides— whether the advantages to be ob- 
tained from an X-ray are worth the disadvantages, which are rela- 
tively small from an individual X-ray as in the case of radioactive 
fallout. I do not mean to draw any conclusions here. I just wanted to 
point out that the peoples of the world are subjected to the radioactive 
fallout produced by tests from all powers, and they may not be quite 
so convinced that they are receiving advantages to compensate for 
the disadvantages. In that sense, the term “permissible,” I think, is 
a misnomer. 

The third point I would like to make concerns the size of the effects. 
‘This is a very complex question. One simply cannot describe it with 
a single sentence, or even a pair of sentences. One has to take many 
aspects of the problem to obtain a balanced view of what the size of 
the effects is. 

I would be glad later to make some further comments on this, but at 
tie moment let me make some very short ones. 

Kffects from fallout from tests so far are small compared to the 
effects of other.radiation sources to which people always have been 
exposed, and are currently exposed. The effects are so small they 
may be undetectable. However, the numbers still constitute many 
individuals affected even if we just concern ourselves with génetic 
effects. If we concern ourselves with the possibility of somatic effects 
in addition, this adds some number of individuals. 

The effects are global. They are roughly calculable. They can 
be calculated by scientists of other countries as well as by scientists of 
ovr own. 

The next point I would like to make concerns the uncertainties, first, 
in the magnitude of the effects. 

The numbers presented to this committee represent, in general, best 
estimates as to how many individuals will be affected. No one is ina 

osition to say how accurate these estimates are. I would think it 
1s believed that the estimates that are given you are accurate within 10 
pees: The true numbers may be 10 times larger, and may be 10 times 
smaller. | 

There are uncertainties also in the nature of the effects produced 
by radiation, by fallout radiation in particular. I do not mean to 
hint here that there are going to be some serious effects turning up 
that we do not suspect as yet. I just want to repeat what many wit- 
nesses have said—that because many of these things are new to the 
human race, it is likely to be a generation, until people have carried 
tlese radioactive materials in them all their lives, before we really 
know what the effects are. 

It has to be pointed out also that we have good reason to believe we 
know what the principal effects will be. : 

Next I want to point out that, so far as radioactive fallout is con- 


cerned, one should make a clear distinction between the effects pro- 


duced by large bombs and the effects produced by small bombs. A 
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large bomb can produce on the order of a thousand times as much: 
fallout as a small bomb. And if one goes into the question of test 
bans, then one should make a clear distinction between the effects of 
small weapons and the effects of large weapons. It is actually, of 
course, the total amount of fission products released that is important. 

Next I want to reemphasize what has been brought out here at these 
hearings, and a Pots I tried particularly to make here yesterday, that 
it can be strongly expected that new nations which enter the testing 
program will be very interested in testing bomb types which produce a 
aren deal of fallout. ‘There are strong reasons why they will want 
tu do so. 

We have seen in the tests of Russia last fall that in just a few ex- 
plosions, the strontium 90 in this country was increased by one-third, 
in the soil of this country. This does not represent an increase 
on a worldwide basis, because of the question of uniformity of distri- 
bution and storage in the stratosphere, but the level of the soil in this 
country was increased by that amount by just a few explosions. 

Representative Horirimxp. Would you hazard a guess at this time— 
1 do not like to say “guess.” Would you hazard an opinion that, in 
view of the fact the Soviets have tested large bombs on their own 
territory, there may be an appreciably greater extent of strontium 
deposit from the local fallout on their own territory ? 

Dr. Setove. In Russia ? 

Representative Hotirterp. In ratio to the stratospheric fallout 
which has occurred here and raised our level one-third. 

Dr. Sexove. I think probably many of us saw in the Washington 
Post yesterday morning a Russian report indicating that strontium 90 
levels, at least in some areas of Russia, were twice as high as the 
nighest levels in this country. 

RR aemtiss Awnverson. Which might explain the sudden Russian in- 
terest in stopping nuclear tests and preventing nuclear warfare. 

Dr. Srenove. The decision concerning balance of factors in decid- 
ing whether or not to try to obtain an agreement for a test ban— 
these decisions, of course, involve many other factors other than 
radiation hazards. I am trying to restrict myself here to that one. 

I would next like to reemphasize, as many witnesses here have done, 
that the effect of a nuclear war would be enormously greater than the 
effects of fallout from tests. 

Again, this remark on this matter: In balancing various factors 
involved in decisions about test bans, one really has to include such 
things as the question of whether continued weapons testing will 
actually help us to avoid a nuclear war. No one disagrees that a 
nuclear war would be just utter devastation. We have to avoid it. 
There is considerable disagreement as to the best way to avoid it, but 
there is no reason for that disagreement to extend into the area of 
evaluation of radioactive fallout hazards. I think we can and‘should 
make that an objective evaluation. 

Next, as to the evaluation of fallout hazards, this is anything which 
has been carried out by the Atomic Energy Commission, by the 
National Academy of Sciences in an independent study last year, by 
the British Medical Council, and by various other less formally or- 
ganized groups. 

I think with regard to the Atomic Energy Commission, as I stated 
yesterday, there is likely to be considerable conflict in the dual re« 


 —— 
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sponsibility which the Commission has for evaluating radiation haz- 
ards and for concerning itself with the weapons development pro- 
eram of this country. It isa very unfortunate and burdensome prob- 
lem. I do not think any of us would want tobe saddled with it. 

I think it can legitimately be questioned whether these two func- 
tions—the evaluation of radiation hazards, and concern with the 
weapons development, program—belong in the same agency. 

As for the question of independent studies of fallout problems, I 
would like to make my next point the fact that the National Academy 
of Sciences report, which is still referred to up to the present time as 
the latest authoritative report in this country, is seriously out of date. 
That report was prepared about a year and a half ago. It was issued 
about a year ago. 

The National Academy has, of course, been continuing to study 
these problems. I think further reports from them at this time would 
be very much in order nad very welcome. Iam sure they are working 
on them. I think it might be of interest to hear how soon one can 
expect such further reports to appear. 

Finally, I would like to repeat a conclusion of the radiation hazards 
committee of the Federation of American Scientists, a report from 
which committee I am inserting in the record. It contains, I think, 
several numbers of interest. 

It is a principal conclusion of that committee, representing some 
eight people who have studied the radiation hazards problem from 
fallout quite a long time as such committees go, I think—it is a prin- 
cipal conclusion of theirs that a decision on testing nuclear weapons 
cannot be based purely on the scientific problems involved, cannot be 
based purely on radiation hazards, but must involve primarily moral 
questions, and questions of the effect on international relations and in- 
ternational affairs of our decision on a test ban. 

I would like to summarize, then, by saying that the view I have tried 
to present of fallout problems I think is neither an alarming one nor a 
calming one. The problem simply does not reduce to such simple 
terms as those. It is a very complex problem. I do not think a bal- 
anced study of it delivers so spectacular a conclusion as that the prob- 
lem is either of alarming proportions or of negligible proportions. It 
deserves a lot of serious study. You gentlemen have given it much of 
that here, and I believe it will be extremely useful. 

Representative Horirievp. Thank you very much, Doctor. 

Dr. Libby, do you have any comment ? 

Dr. Lippy. I find myself in agreement with much of what Dr. 
Selove said. We certainly must continue to take this problem very 
seriously, and study it. 

In reading the testimony before the committee, I am impressed with 
the disparity in our knowledge of the biological effects as compared to 
our knowledge of the physical facts about fallout, which leads me to 
suggest that we ought to try harder to get some answers to the ques- 
tions of the genetics, the effects of low radiation doses taken over long 
periods of time in causing cancer and leukemia, from experimental 
data. 

But we certainly ought to continue the program. 

I certainly agree with Dr. Selove this is not a negligible factor. We 


‘must take it seriously. 
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My testimony yesterday shows that I agree with him that non- 
scientific considerations are involved in the final decision. 

Chairman Duruam. Dr. Libby, I think you are in general agree- 
ment that the biological studies should be increased. Does the Com- 
mission have facilities available at the present time—and when I speak 
of facilities, I mean brains and everything else connected—to step this 
up in the biological field ? 

Dr. Lizsy. I believe so, but I would like to ask Dr. Dunham to 
answer that question. 

Dr. Dunyam. Mr. Chairman, we do have facilities. We do have 
some manpower. This can be stepped up. It cannot be stepped up 
suddenly by a matter of several orders of magnitude either within the 
Commission or without the Commission, because there still is, as you 
hinted in the way you put the question, a limited number of available 
competent scientists to work in this field. 

This is a very real problem, because, if the work is not done compe- 
tently, it will cause more confusion. . 

But there definitely could be a step-up in the program over the next 
few years. There is no question about it. | ot 

Chairman Duruam. Dr. Dunham, since you are in charge of this 
primarily, do you have funds available, or will you have with what 
you requested this year from the Congress ? ,; 

Dr. Dunuam. We have, as the Congress knows, in our 1958 budget 
an increase in the request. As you know, these budgets are prepared 
nearly a year and a half in advance of the coming before the Congress 
for appropriations. 4 

The cost of scientific living, I mean the cost of doing experiments, 
is constantly going up. So I would be less than candid if I said that 
what seemed like a reasonable budget in May of 1956, looks so reason- 
able today. 

Chairman Durnam. Doctor, since you made that statement, I wish 
you would send up to the committee your recommendation on it as 
early as youcan. It will not be long before Congress adjourns here, 
and I think this committee feels like, of course, you should have what- 
ever funds are necessary to carry on the investigation in the biological 
field. . | 

Senator Anprrson. May I just ask there: Dr. Selove suggested that 
the report of the National Academy of Sciences is out of date, and he 
wanted to know when the next report might be ready. Is there any- 
one here who can give us any indication of when the new data will 
be studied and a report made on it, since he says the old report is seri- 
ously out of date? : 

Dr. Warren. If I might comment on that, Mr. Chairman. 

Senator Anprrson (presiding). Very well. 

Dr. Warren. There is a continuing study made by the various 
groups assigned by the National Academy of Sciences to all this pro- 
eram. At the present time there are no available facts which would 
warrant a change to a significant degree in the reports for the patho- 
logical effects, the somatic effects. I think Dr. Glass would probably 
agree with me that there is no very large increment of data in the 
genetics field. Ry 

Senator Anperson. The testimony of the geneticists would not indi- 
cate that, certainly, would it? : 


ll 
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Dr. Warren. I would rather have Dr. Glass comment on that par- 
ticular point. 

Dr. Guass. I will later. 

Dr. Warren. Both of the committees have| been asked by the presi- 
dent of National Academy of Sciences to meet periodically to keep in 
close touch with new data as it becomes available, and to issue reports 
as often as it seems wise to them. 

I would say that at the present time, so far as the report on the 
pathological effects are concerned, that there are no points that as yet 
are sufficiently well established to warrant a significant change in that 
report as it stands. 

Senator AnpErson. Now, Dr. Selove, if you think the report is out 
of date, and Dr. Warren says there are now new facts that have been 
discovered to change it in any degree, could you give us briefly the 
basis for your statement? | : 

I rather got the impression there were some new facts, and I thought 
these scientists had been presenting them. I judge from Dr. Warren’s 
statement, as far as the group, they are going to stand pat on what 
they put out a year and a half ago. 

What do you think about it? | 

_ Dr. Srtove. Dr. Warren is, of course, the chairman of the pathology 
section of the National Academy of Sciences’ study, and is certainly 
in a position to speak for that group. Some 8 months ago, I com- 
municated with the president of the National Academy, Dr. Bronk, 
asking whether, in view of the renewed attention that some of the 
fallout effects were receiving, particularly in view of the attention 
to strontium 90, whether the National Academy group had any ex- 
pectation of producing a new report at any time in the near future. 
And he replied that the matter was under consideration; that a certain 
number of members of the study group had asked for a renewed study 
of this problem; and he expressed agreement with the idea that the 
problem needed more attention, it being understood, of course, that 
the radiation committees, the subcommittees of the National Academy, 
have been organized on a continuing basis. 

I think there may be some statements in the pathology committee’s 
report which perhaps, in view of the testimony that has been presented 
to this committee here, might not represent a sort of average view or 
balanced view of the various notions that specialists in the field now 
have. 

I recall at the moment, not having the report here with me, only 
one. I think there is a discussion, in the report of the pathology 
committee, of an unequivocally safe level. I think, in view of the 
testimony that has been presented here, it is clear that the scientific 
evidence presently available is not sufficient to say whether or not 
there is a threshhold level, a level which would be absolutely safe. 
If the interpretation presented by many specialists in the field that 
even small doses of strontium 90 can produce bone cancer and leukemia 


is correct, then I think this point, which I tried to make earlier, that 


there would be no safe dose at all, is a point which might well be 
peeressed so as to revise that particular statement. 

enator AnpErson. I know you have to catch a plane, and a member 
of the staff, Mr. Hollister, has some questions to direct to you. I 
guess we had better proceed with those. 
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Representative Core. If I may come back in where Mr. Durham 
was discussing with Dr. Dunham the possibility of stepping up this 
inquiry in the field of biological aspects. | | 3 

The impression has been created, I fear, that in this field there has 
been a party line, what might be called a party-line concept of dis- 
closure of the consequences of radiation, in that the Commission has 
laid out a policy, and other people in the laboratories have tried to 
find answers which would support that policy. 7 

On the other hand, to disprove that the witnesses, many of 
them, indicated a large degree of independence in their research, that 
there is no control by the Commission with respect to their areas of 
inquiry or conclusions. | 

Now my question of Dr. Dunham is: In the event that, Dr. Dun- 
ham, you do find there is opportunity for stepping up this inquiry, 
do you see any need or opportunity for enlarging that aspect of in- 
dependent research beyond what it is now? ; 

Dr. Dunnam. I do not feel that there is a need to enlarge the inde- 
pendent aspects, because essentially there is a total independence, as 
Dr. Brues will, I am sure, testify later today when he discusses the 
research program. : 

Representative Corn. You mean the present program is essentially 
completely independent ? 

Dr. Dunuam. That is correct, as far as directing or limiting in 
any way what the scientists, either in the Atomic Energy Com- 
mission national laboratories, the major projects, are doing, or uni- 
versity scientists which we support through contracts with our uni- 
versities. | 

Senator Anperson. Mr. Hollister. 

Mr. Hotrisrer. Dr. Selove, I wonder if you would be willing to 
state for the record, either speaking for yourself or for the Federa- 
tion, what you feel are the essential differences and similarities in 
the conclusions of the National Academy report and the British 
Medical Council report, as far as such questions as genetic effects, 
MPC, and so on, are concerned ? 

Dr. Setove. As far as what ? 

Mr. Horsrisrer. As far as such questions as genetic effects, MPC, 
and so on, are concerned. 

Dr. Sztove. I have to speak for myself, although I believe what 
I will say reflects the views of the Radiation Hazards Committee. 
Nothing I say reflects the views of the Federation of American Scien- 
tists. This is, of course, a technical matter, and the federation has 
no policy on such a matter. 

I believe the British Medical Council report, which is a report by 
an organization in Britain separate from the organization which has 
to do with weapons-testing decisions, just as the National Academy 
here is, of course, separate from the AKC—TI think that report, in 
my opinion, tends to be perhaps slightly more conservative than the 
National Academy report. 

I recall, for example, that in the British Medical Council re- 
port it was suggested that, if the general level of strontium 90 in 
the population should show signs of increasing greatly beyond one 
one-hundredth of the occupational permissible concentration, that it 
sates indicate the necessity for a strong reconsideration of the prob- 
em. 
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I think that was a somewhat lower level at which the British Medi- 
cal Council expressed concern than the level suggested in the Na- 
tional Academy report. 

Senator Anperson. How much would that be in sunshine units, 
Doctor ? 

Dr. Sextovr. That would be 10 sunshine units. The level in the 
world from tests so far is expected to rise to 2 to 3 sunshine units on 
the average. 

Representative Corn. Mr. Chairman, I wonder if you would mind 
just experimenting for a moment to see if we cannot do better with 
these microphones cut off, and everybody speaking up a little louder. 

(Discussion off the record. ) 

Dr. Srvove. The British Medical Council report, I believe, took a 
slightly more conservative tone than the report of the National Acad- 
emy of Sciences. The report of the National Academy group was also 
conservative, let me hasten to say. 

Representative Cote. Speak up so that the audience hears. 

Dr. Srtove. I am not sure I can. I-am trying to speak to the 
committee. Jam not sure I can speak to the committee and have the 
wudience hear it at the same time. 

I believe in the British Medical Council report another point of 
difference which occurs to me, with the conclusions that one would 
draw from reading the National Academy report—another point of 
difference was that with regard to the possibility that the effects of 
even small doses of strontium 90 would be felt in terms of the produc- 
tion of a certain amount of bone cancer and leukemia, this possibility 
was brought out somewhat. I do not recall whether that possibility 
was discussed in the National Academy report. Perhaps Dr. Warren 
can answer. 

Dr. Warren. I think probably Dr. Brues can answer this better 
than I, because his particular group of scientists were the ones who 
had special knowledge with regard to strontium and the internal 
emitters. 

Dr. Brurs. I am sorry I do not have a copy of the report with me 
at the present time. I know that the possibility was very seriously 
considered. I know that it is in some way mentioned in the report, 
but I am sorry that I cannot say exactly how. 

I think that the report looked at the problem from the standpoint 
of the fact that some radiation is present, that therefore if 
Senator AnpErson. Is this it [indicating document] ? 

Dr. Brurs. Iam sorry. J am afraid this is not the one which con- 
tains the subcommittee report. Perhaps the committee would like 
to entertain another question while I consult the report. 

Dr. Neuman. I wonder if it would be appropriate, since we are 
going to find out what was intended to be meant in the report, to con- 
sider what a very interested reader got out of the report, and have that 
question while we are waiting ? 

Senator AnpErson. We are just trying to get through Mr. Hollister’s 
last question before Dr. Selove will have to leave for his plane. 

Go ahead. 

Dr. Neuman. I came away with a little less drastic view than Dr. 
Selove. I think that the British report expressed this figure of 10 
sunshine units essentially as a worry dose—recognizing that, if the 
strontium levels in the population rose, that we should seriously recon- 
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sider the matter of MPCs. This is only a suggestion. The British 
report does not really differ from the National Academy’s position. 

In reading the NAS report, I do not know, of course, what was 
intended, but I came away with the feeling that there was a division 
of opinion in the committee, and that this report indicated some 
people’s feeling that the threshold dose did exist, (the MPC then 
might be really an MPC) while others did not accept the concept of 
threshold. 

I think there were areas of disagreement, and that a compromise 
was reached. I hope that, before we leave, this group might consider 
the matter of the MPC. This finally (the MPC) is the operational 
number that you use in translating these discussions into real action. 

Senator AnpErson. Thank you, Dr. Neuman. , 

Dr. Setove. I would like to toss out again at that point that I 
believe, on the basis of available data, the interpretation that small 
doses will produce effects of strontium 90 is at least as reasonable as 
the interpretation that they will not, even though no one is in a position 
to say certainly. However, if one takes the conservative view and 
assumes that small doses may produce effects until proven otherwise, 
one is then in a position to estimate roughly how many individuals will 
be affected by a given amount of strontium 90. And the dose which 
has been specified as permissible for the population or for a large part 
of the population, namely a hundred sunshine units, such a dose can 
be estimated to produce in the world several million cases of leukemia 
and bone cancer, if that becomes the average world level. 

I think it would be generally agreed that, if the occupational dose, 
which is ten times that. level, if the entire world population were 
subjected to an occupational permissible level, there would be several 
tens of millions of cases of leukemia and bone cancer, on the assump- 
tion that small doses do produce effects. | | 

The difference between the occupational level, and the population 
level is a matter about which a question was put yesterday, and IL 
think it should be pointed out, in the answer to that question, that the 
principal reason which the International Commission on Radio- 
logical Protection has for specifying a smaller level as a permissible 
level for the population—the principal reason is the uncertainty that 
exists as to just what the effects will be. 

The International Commission on Radiological Protection has tried 
to arrive at a level which, on the basis of the limited data available, 
it thinks will not injure a large percentage of people exposed to that 

evel, 

If one considers exposing the entire world population to that level, 
then, in view of the uncertainties, one simply has to recommend a 
lower level. That is the basis of the difference. 

I am just pointing out that, on the basis of estimates that can be 
made from presently available data, even the lower population permis- 
sible level, if the entire world is subjected to it, could be expected to 
produce several million cases of leukemia and bone cancer. So we 
would hardly want to approach that level until we know more surely 
whether or not small doses do produce effects. 

Senator AnpErson. Do you have another question, Mr. Hollister? 

Mr. Hotutstrer. I would like to ask Dr. Selove, do you have any 
othey portngats concerning the numerical magnitude of possible 
eilects ¢ 
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Dr. Sexove. I would like to make one further brief remark, which 
I think may be of help to put these things in perspective. 

We have talked here about numbers of individuals, such as 50,000 
individuals in the world who may develop leukemia and bone cancer 
from tests so far. 

To reduce these numbers to terms where one can more readily feel 


_the impact they have on an individual, we might talk about the situa- 


tion in, say, the city of Washington, or take Washington and Balti- 
more together, which I would say probably have a total population of 
perhaps 3 million. 

In Washington and Baltimore together at the present time there are 
approximately 200 deaths per year from leukemia from normal causes. 
On the basis of the estimates that have been discussed here, one arrives 
at the conclusion that, for the next several decades, the results of fall- 
out from tests so far;will be that there will be, instead of 200 or so 
cases of Jeukemia a year, 202. So there will be that increase, from 
tests so far, in deaths from leukemia per year in a population of 3 
million. 

When this is translated to a country such as Japan, with a popula- 
tion of a hundred million, one finds that, instead of the normal 10,000 


or so deaths from leukemia in Japan, there might be expected to be 


about 10,100; and translated into effects for the world as a whole, as 


‘compared to this 100 extra deaths in Japan per year, and 2 extra deaths 


in Washington and Baltimore per year, one comes to some 1,500 extra 
deaths in the world per year. And over 30 years that adds up to 
50,000. 


So one should look at all these numbers to try to get some 


’ perspective. 


Fifty thousand. Is it many individuals? 

In terms of impact on a parent in Washington or Baltimore, it 
means that if a child dies of leukemia, there may be one chance in a 
hundred that that particular death was due to fallout from tests 


so far. 


Senator Anperson. Now, Doctor. 

Dr. Brurs. I think perhaps, sir, if I read what was said in the 
report it may also clear up some other points. 

Senator ANDERSON. You are talking about independence, and this 
is independent. You are perfectly free to do what you feel like, Go 
right ahead. 

Dr. Brurs. The report said: 

Permissible dosage to large populations: This is a matter on which no complete 
agreement was reached by the subcommittee. First responses to this question 
ranged all the way from the permissible industrial level down to no radiation 
at all. 

These were all people who have given a great deal of thought to 
the problem. 

The uncertainty existing here stems from our ignorance as to whether there is 
a true threshold for such late effects as malignant tumors, and as to the degree 
of variation in response of equally exposed individuals. 


It is agreed that the only rational approach must take into account the natural 
radiation background to which the population is exposed. 


Then this is tabulated. 


It is noteworthy that considerable differences exist from place to place, due 
mainly to differences in gamma radiation from the environment and in part to 
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variation to radium content of individuals. Since these existing variations have 
not given rise to any changes in incidences of tumors or other pathologie states 


sufficient to attract attention, it was felt that an amount of internal radiation. 


aie a to double the large population background could certainly be considered 
sare. 

Unfortunately, the word “safe” is in there, and I have less and 
less respect for the word “safe” as this discussion goes on. 

Senator Anperson. Thank you very much. 

Dr. Neuman, did you have a comment ? 

Dr. Neuman. No. 

Senator ANDERSON. Does someone else have a comment ? 

Dr. Glass, you are a geneticist. 

Dr. Guass. I would like to comment on two matters that have been 
brought up already: One in respect to whether the genetics portion 
of the National Academy Committee’s report is out of date, and 
whether an additional supplement is being planned. 

We were so much impressed with the relative magnitude of the 
exposure of the population to X-rays from medical and dental diag- 
nostic and therapeutic practice, in contrast to the relatively minor 
amount due to fallout on the basis of the current estimates, that most 
of our attention over the course of the past year has been devoted 
through our consultants to a more accurate estimation of the medical 
and dental exposure of the population to radiation; and the report 
on this study has been given a preliminary release already. I do not 
know whether !t is in the hands of the committee or not, but it should 
receive general release soon. 

As far as the conclusions in our report which relate to the effect of 
fallout are concerned, I might read that: 


Since any additional radiation is genetically undesirable, the fallout dose is 
genetically undesirable. 


Second, the fallout dose to date and its continuing value, if it is assumed 7 


that the weapons testing program will not be substantially increased, is a small 
one, as compared with the background, or as compared with the average exposure 
in the United States throuyh medical X-rays. From the point of view of this 
committee, there are two summary remarks that should be made. 

Senator Anverson. Any dose is undesirable, you say? Read that 
again, will you please? 9 

Dr. Guass (reading) : 

Since any additional radiation is genetically undesirable, the fallout dose is 
genetically undesirable. 

Now, I believe that the testimony of the geneticists at these hearings 
is simply an amplification of those two statements, and that our posi- 
tion has not been changed at all. It is in accordance with the views 


that Dr. Libby has expressed. It is also in accord with the views that — 


the geneticists expressed. It depends on how you look at these things. 


Senator ANDERSON. Dr. Selove, I know you are ina hurry. Do you 


have a comment ? | 
Dr. Stove. I am in complete agreement with what Dr. Glass has 
said. I think the genetics part of the report would probably not re- 
quire serious modification. . 
I would like to repeat, however, that a very important factor in 
discussing levels in terms of a permissible level is the question of who 
decides what is permissible for whom. If it is a matter of a physician 


giving an X-ray to a patient, the physician decides whether the X-ray — 


disadvantages are compensated for by the advantages. 
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_ If one of the several nuclear-testing powers in the world is sub- 
jecting the entire world to fallout, even in terms of very small per- 
centage effects—and it is widely agreed, as Dr. Libby has said, that 
the scientific data indicate that the effects are only a small percentage 
increase over normal effects, even in such terms, the term “permissible 
level” implies that it is acceptable by the people subjected to it. 

I think that is the important point on which further clarification is 
needed in the National Academy report. | 

I will have to leave. Thank you. 

Senator Anprerson. Dr. Machta, you had some calculations on uni- 
BUISEY and nonuniformity you were working on. Are those ready 
now ? 

Dr. Macuta. Yes; if you would like to hear about them. 

s et Hollister, do you have something else you thought should come 
rst ¢ 

Mr. Hoxxister. I had planned to go next into the strontium 90 ques- 
tion, but it is not necessary. 

Senator Anprerson. Go ahead, and we will come to this. Go ahead 
with the strontium 90 question. 

Mr. Hotxisrer. I would like to do this with the understanding that, 
if time allows, we will come back to the question of MPC, and its 
setting later. 

Senator AnpErson. We probably will have time to get back. 

Dr. Guass. Mr. Chairman? 

Senator AnprErRson. Dr. Glass. 

Dr. Guass. May I make one remark before we get too far away from 
the comments that Dr. Libby and Dr. Dunham made earlier? 

I would like to testify personally to the complete freedom of inves- 
tigators who receive support from the Atomic Energy Commission as 
to the direction of their own work, and also as to the choice of the 
problems on which they work. This is so important that, in the step- 
ping up of the program, it actually becomes a problem. 

The Atomic Energy Commission has leaned over backward to such 
an extent that it has never even suggested, except in the most informal 
and free way, to any person what kind of problems we really need 
answers to. 

There is a need, as these hearings have brought out, for the answers 
to specific questions, which I hope we can find within the framework 
of the independence given investigators by the Atomic Energy Com- 
mission to encourage them to work on particular things. 

Chairman Duruam. Dr. Glass, of course, the reason the question 
arose was the fact that Dr. Libby said it should be stepped up, in his 
opinion, as I recall his statement. I think I am in complete agreement 
that there has been perfect freedom in this field of investigation. There 
was no implication of my thinking at all that it has been suppressed 
at any level. 

Representative Van ZAanpt. Mr. Chairman, could we have Dr. Dun- 
ham fill that gap out? 

Dr. Lipsy. Mr. Chairman, would it be in order to ask the people 
at the table here whether they agree with me about the need for addi- 
tional emphasis on the biological effects of radiation ? 

Senator Anperson. I think it would be very much in line to do 
that. Why not just start around the table. 
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Dr. Libby said why do we not ask the panel whether they agree 
with him for the need of additional emphasis on the biological aspects. 

Dr. Machta, do you want to comment ? ) 

- Dr. Macura. I do not believe I am in a position to comment. 

Senator Anperson. Dr. Neuman? tan 

Dr. Neuman. Because you are not a biologist? ' | 
a feel a biologist is not qualified because he would obviously say 

es.” 

Senator Anperson. We were talking about complete freedom, so 
we are going to allow a man to disqualify himself as a juror if he 
wishes to do so. If you wish to, Dr. Machta, we would be happy to 
have your comments. 

Dr. Macnta. I have no comment. 

Senator Anperson. All right. 

Dr. Neuman. I think it is very important, but how to go about it is 
also very important. I think we should not be swept away by the 
urgent need for information to just dump money into a program. 
Very careful consideration should be given to other aspects, such as 
future procurement of scientists, maybe not just in the field of biology, 
but also in many allied fields on which we are dependent. I guess 
that is all, except to urge careful study be made on the way you 
would proceed. 

I would also say, in my own personal opinion, the Division of 
Biology and Medicine has certainly had a very balanced program, 
and certainly my own testimony attests to the freedom of scientists 
within the Division. 

Senator Anperson. Would you not think, however, that an an- 
nouncement by the Atomic. Energy Commission that it felt this was 
a field in which there should be a speeding up might result in many 
other universities, such as Rochester University has done in this field, 
coming in and saying, “We would like to have a chance to do some- 
thing, and here is what we would like to explore” ? 

Dr. Neuman. I think a policy statement would be very important; 

es. 
i Senator Anprrson. I think that is what I was trying to say. 

If Dr. Libby made such an announcement across the country there 
might be many schools which have not taken part that might at least 
start to survey to see if there are any contributions they might make. 

Dr. Neuman. I think from just reading the fallout information, 
a lot of people have not yet done that. 

Senator Bricker. Dr. Libby, are there many of these students that 
participate in the research programs in the universities—I know you 

ave many that do—are there many of them who continue in the field 
or related fields to the atomic-energy program ? 

Dr. Lipsy. I think so. Our interests are so broad, Senator Bricker, 
that the answer to your question is undoubtedly “Yes.” If they move 
from one discipline to another, the chances are we are interested in 
the other one, and they do not often move. 

Senator Bricker. They do not get very far away from the field? 

Dr. Lipsy. No. 

Senator Bricker. Thank you. 

Senator Anprerson. Dr. Brues. | 7 

Dr. Bross. I think Dr. Dunham and Dr. Libby are both well aware 
of the fact I have agreed with this point of view for some time, and 
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much of my concern has been how to implement, in an acceptable way, 
the progression of knowledge. Sometimes I think there are people 
who aie that the biological work is a small tail on the rather large 
animal. , | 

It is true that you cannot expand biological work as you can a re- 
actor program, just by drawing some designs and setting about it. 
But I fully agree. 

Senator Anprerson. Dr. Dunham. 

Dr. Dunuam. I do not know that I have anything to add to what 
these people have said. I think the suggestion of the AEC coming out 
with a fairly strong policy statement as to the needs in certain areas 
for scientists to work is a good one. 

We have tried, as Dr. Glass indicated, through the staff of the divi- 
sion, by direct contact in talking with scientists as we travel around 
visiting our own projects, and attending meetings, to sort of seduce 
people into working on things we have felt were of primary im- 
portance. 

As I will say later, I think we know, and particularly as a result 
of these hearings, have a better perspective on where the emphasis 

ought to be during the next few years. 
: Senator Anverson. Thank you. 

Dr. Crow ? 

Dr. Crow. Tagree. I have nothing further to say. 

Senator AnpErson. Dr. Warren? 

Dr. Warren. There are two added points that I would like to 
bring out. 

First, I will say that I am in agreement with the other speakers in 
this field. However, I think one must guard against swinging a pro- 
eram to concentrate on any one phase of activity to a great extent. 
We have many other problems than the fallout problem with which 
to concern ourselves in the biological effects of radiation. | 

I feel that, while it is highly desirable to expand the research pro- 
gram in relation to fallout, there are many other aspects of the pro- 
gram which may be just as essential as fallout now is within a few 
years’ time. , 

Senator Bricker. For instance? | 

- Dr. Warren. Well, let me take the fallout thing itself. When our 
program was first started in the Atomic Energy Commission we 
examined very carefully the work that the Manhattan District had 
been carrying on, and the Manhattan District had very wisely become 
interested in the problem of strontium 90 quite early in its existence. 
We already had a backlog of information with regard to strontium 


There have been close to, I would say, 14 years of work already in 
this field, which has brought us up to the state of knowledge that we 
have at the present time, and makes a large program with regard to 
radioactive fallout a perfectly sound and reasonable thing at the 
present time. tnd 

Now there are problems in regard to the effect of alpha radiation, 
the effect of neutrons. There is the problem of how to protect in- 
dividuals against radiation effects. There are a whole range of things 
which must not be overlooked in favor of one aspect of the program 
only. | 
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I am very heartily in favor of an orderly expansion of the program 
with regard to fallout, but I would hate to see it at the expense of 
the present program, which I regard as a well-rounded and effective 
program. 

Senator ANnpERSoN. Dr. Libby, you. raised the question so you do 
not have to comment. Do you care to comment again now, or go 
on around? 

Dr. Lispy. No comment. 

Senator Anperson. Mr. Eisenbud ? 

Mr. Esensup. As a nonbiologist who needs answers from biolo- 
gists, I would heartily agree that some of these answers have got to be 
obtained before we can proceed much farther. On the other hand, 
I am impressed by Dr. Warren’s remarks concerning the need for a 
balanced point of view. 

I do not think it has been brought out in these hearings, Mr. Chair- 
man, that one of the reasons why so many of these unanswered ques- 
tions exist is because we know so much rather than so little. No sub- 
stance to which human beings are exposed, either in the air or in 
the food that they eat has been investigated so thoroughly as radia- 
tion and radioactive materials. The total investment of the United 
States Government and private industry in the whole field of air 
pollution research has been something, hke $5 million in the last 5 
years. Dr. Dunham can tell us how much has been spent in this field, 
but certainly it is in the order of $200 million or great in the last 
5 years. Itissimply characteristic of good research that answers beget 
questions, and for every answer that we find, we raise 1 or 2 or 3 new 
questions. 

I fee] intuitively that if we had full information about organic 
chemical heavy metals, and other things to which we are exposed 
in our environment, we should be asking the biologists many of the 
same kind of questions we are asking them today in regard to radia- 
tion effects. 

Senator AnpErson. Thank you, Doctor, for a very fine statement. 

Senator Bricker. I have not been able to follow the conclusions 
that some of you have reached. I have asked the question a time 
or two.as to how much of the leukemia and how much of the bone - 
cancer at the present time, regardless of imposed radiation, is due to 
the background radiation, and how much is due to other metabolic and 
biological factors, or facts. I have not had an answer to that question 

et. 

How in the name of sense are you able, from an indefinite base of 
that kind, to extrapolate, like one doctor did a moment ago, and say 
there would be 102 cases of leukemia in Baltimore and Washington, 
rather than a hundred eases, because of the imposed additional radia- 
tion from strontium 902 There is a gap in there someplace I have not 
been able to fill in in my own thinking. If somebody would explain 
it to me I would appreciate it. 

Dr. Warren. I do not think I can explain it entirely satisfactorily, 
Mr. Senator. But I would like to stress that when you establish a 
hypothesis, you can draw conclusions from that hypothesis, but, as 
you point out, those conclusions have no more validity than the hypoth- 
esis itself. 

Senator Bricker. No more validity than the hypothesis itself? 
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Dr. Warren. And I think you will recall that I said on Monday 
Tam not at all satisfied that strontium 90 will cause any additional 
cases of leukemia. I would think there is a possibility of an increased 
amount of bone cancer, but I am very skeptical as to leukemia. 

This again, you might say, is only a hypothesis. 

Senator AnpEerson. We did have, did we not, the statement from 
Dr. Selove yesterday, in which he quoted Dr. Lewis as saying that 
5 to 10 percent of all present cases of leukemia are due to natural 
background radiation ? 

Dr. Warren. I know of no way in which that can be established or 
proved, Mr. Anderson. 

Senator Anprrson. I do not know either. I just simply say that 
we have scientists who think they know. 

Dr. Warren. Yes. That is, 1 think that is a fair and reasonable 
assumption, but I do not think we are warranted in accepting it as an 
established fact. 

Senator Bricker. It is nothing more than an educated guess. 

Senator ANprrRson. When you say, also, that one microcurie or 
one-tenth of a microcurie is a safe background, that is also an edu- 
cated guess, is it not? 

Dr. Warren. No. I feel—well, yes, it is an educated guess. 

Senator Anprrson. Yes. That is right. 

Dr. Warren. But I think it has a little more foundation. 

Senator Anprrson. There is not a particle of difference between the 
two educated guesses. . 

Dr. Warren. I think there is. If I could say one more word here. 

We know there is nothing unique about the radiation from 
strontium 90. We also know that there are much greater variations 
in radiations which have not produced clearly measurable effects. 
There may be some shadowy effects. We cannot say there are not any, 
but we can say there are none that are significant and measurable. 

I would have no hesitancy in moving my family, myself, to your 
own State, sir, which happens to have a higher background, I believe, 
than Washington, and the strontium radiation is only a small part of 
this difference. 

Senator Anprerson. Now we are back on something we can agree 
on. I will be happy to say that I am willing to face a slight degree 
of leukemia and bone cancer for the privilege of living in my State. 

Senator Bricker. May I ask one more question ? 

Senator Anperson. Senator Bricker. | 

Senator Bricker. On the assumption, Dr. Libby, or anyone else, 
that we had a hundred million dollars to spend in biological research 
this coming year, from what kind of an expenditure would you receive 
the greatest benefit, an expenditure in this field, or an expenditure in 
the field I think Dr. Eisenbud mentioned a minute ago, in the field 
of sr got of the atmosphere, the effect of automobile exhausts, smog 
in Los Angeles, and many other things that are present in contamina- 
tion of foods, waters, and the like? 

Have we neglected the one for the other?’ And should we give more 
“oem to the general biological human effects of other deleterious 
things : 

Dr Dunnam. My answer to that, Mr. Senator—anybody else can 
add their comments—we have not neglected one for the other. We 
have neglected the general effects you are talking about of all chemical 


1328 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


elements and things that are-in the environment on man. | I think that 
one should not, by that statement, then say that we should stop all 
work on radiation effects when we are just on the brink of learning © 
a lot of important things that will help resolve some of the radiation 
problems. But there is no question but what the other activity dealing 
with all of these other substances about which we really know rela- 
tively little should be stepped up. 

Senator Bricker. You know there is one result of this meeting and 
this hearing—I think it has a good result generally—people are getting 
scared. 

I said here a while ago that as a result of cigarette smoking and 
radiation, I am surprised we have got so many healthy people around. 
In other words, the other field is, to my mind, the more important 
in numbers, and we have overemphasized the radiation effects insofar 
as we know what they might be at the present time. I think we 
ought to turn some attention to the general and not neglect this, mind 
you, but we ought to give more attention to the general field of 
biology. | 

Dr. Dunnam. I think there is no question about it, sir. 

Senator ANDERSON. We got as far around as Dr. Glass. 

Senator Bricker. I am sorry. 

‘ Senator ANDERSON. I appreciate, Senator Bricker, your coming in 
ere. 

Dr. Grass. I have already expressed myself on this question suffi- 
ciently in my testimony, I think, so I will just pass it on. 

Senator AnpErson. Dr. Langham? . | 

Dr. Lancuam. I had decided more or less what I was going to say 
until Mr. Bricker asked his question. | 

I do not think there is any doubt but that radiation has been the 
most emphasized environmental hazard that man has ever been sub- 
jected to. Why? Because it has a radioactive tag on it, which makes 
it easy to discover, and it is also new. Therefore, it has received con- 
siderable interest. So I would heartily agree with Mr. Bricker. 

On the other hand, I would like to point out one thing which applies 
to radiation specifically, and perhaps to man’s industrial environment 
in general, and that is that probably for the first time in the history 
of man he has advanced technologically to the point where he is 
pegunacns to become the weak link in what he can accomplish in the 

Dire; | . 

I mean by that—let’s take the human heart. It can wear out any 
mechanical pump of the same size that can be built by man. 

If we want to, we can say that a man can ride a horse until it drops, 
or he can fly airplanes until they fall out of the sky with mechanical 
failure. 

Now, however, we are reaching the point where man can build 
machines and gadgets in which he is the weak link in their operation. 
In fact, I might say that man has now reached the stage where he 
is the weak link in his ability to wage war, because he is reaching 
the point where in so doing he might even annihilate a large portion 
of his own population. This is even true of the man who wins the 
war. : 

So I would say, yes, by all-means we should emphasize biological 
and medical or, let me say, human factors investigations. I do not 
mean we should do this without adequate planning, but I think we 
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should emphasize more the human factors in all aspects of our tech- 
nological advancement. : 

I think for the first time radiation has called this to our attention. 

Senator ANDERSON. Thank you very much, Dr. Langham. 

We went around the circle. Now we shall start again by asking 
Dr. Machta if he wants now to present his information. 

Chairman DurHam. Mr. Chairman, I would assume from Dr. 
Langham’s statement, then, that he believes it is a good thing for the 
human race that we do have radiation. Is that correct? 

Dr. Lancuam. Not necessarily. 

Chairman Durum. Because of the fact that it has caused us to 
study all of these related things, such as biology and medicine and 
everything else. Now we have been studying the cancer cell here for 
generations. Of course, it is nothing new. We have failed to reach 
any decisions as to the cause of cancer prior to strontium 90 or prior 
to any fallout; had we not? 

Dr. Lanewam. Oh, yes, very definitely. 

I would not say it is necessarily good that we have radiation, but 
I should say, also, that I do not think it necessarily means we have 
to stop further technological advancements because radiation is a 
factor in that advancement. 

Chairman DurHam. We have to have it. 

Senator ANDERSON. I am very happy to see so many heads nodding 
in agreement. We are happy to find something on which these scien- 
tists agree. | 

Thank you, Dr. Langham, for producting that motion. 

‘Chairman Duruam. I[ raised the question because of the fact we 
have lived under sunshine here for thousands or millions of years, 
and we still have a future, I think. With the radiation that we are 
trying to determine—of course, that is the purpose of all of these 
hearings—can we continue to live with this thing, with the manmade 
process we have come to today? We have accepted the others for 
years because there was very little we could do about it. 

Is that not essentially correct, or is it? 

Dr. Lancuam, You are very definitely correct. We have lived with 
many things in the past that are of our own doing. 

_ For example, the smog from automobile exhaust. And I think we 
will continue to do it. 

I am certainly in favor of saying we have faced many things that 
we have had to face because they were a part of our environment, 
and we could do nothing about them. We have also faced many 
things which are of our own creation in the interest of technological 
advancement. I say, yes, let’s continue to face them, and by all means 
let’s not think that radiation is the only one, and let’s not think that 
radiation is the insurmountable one. 

Chairman Durnam. That is right. I agree with you. 

Senator Anperson. Mr. Van Zandt. 

Representative Van Zanpt. Dr. Warren, did I understand you to 
say a moment ago that the data we have at the present time repre- 
sents a spread of 40 years? 

Dr. Warren. It actually represents a still wider spread than that. 
We began to get some understanding of the effects of radiation in 
the late 1890’s, very soon after the discovery of the X-rays, and the 
isolation of radium, and our knowledge of the field advanced very 
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slowly only recognizing the more extreme cases in the early days. 

Then, with the concerted attack on the problems of atomic energy 
in the Manhattan project, there was added a great deal of additional 
information, which is being kept up and added to all over the world 
at the present time. ; 

I also mentioned that there is one population in India on the 
Monazite sands which has lived there for many generations. We do 
not yet know the medical and biological effects of this, but these will 
be studied by the Indian Government, and the data made available 
to the world. 7 

Senator Bricker. Is there any indication that those people who 
did live in the Monazite hills have had a shorter life span ? 

Dr. Warren. I do not believe that the vital statistics are sound 
enough—— 

Senator Bricker. They are not sound enough yet to determine? : 

Dr. Warren. To draw conclusions at the present time. 

Senator Bricker. Either on that, or leukemia or cancer? | 

Dr. Warren. No. I think we will have to have pretty careful 
studies for a fairly long period of time to answer this. 

Senator Bricker. Are there not also some places in South America 
where the same conditions exist ? 

Dr. Warren. Yes, there are. There are Monazite areas in Brazil. 
But here the inhabitants are chiefly Indian tribes who do not stay in 
any one area very long. And while studies are being carried out by 
the Brazilian Government, there will not be as large a population 
available for study. 

Senator Bricker. There is no evidence, is there, that there is any 
resistance in the human body built up to this radiation like there is 
to bacteria ? : 

Dr. Warren. No, there is no evidence there is any resistance. In 
fact, there seems to be an indication that, if there has been a signifi- 
cant amount of radiation given at one time, that individual will 
actually stand somewhat less radiation. 

Senator Bricker. Is that because of the accumulation or because 
of the weakening of.the cells? 

Dr. Warren. That is probably because some of his cells have been 
injured or killed. 

Senator Bricker. Weakening, yes. 

Senator ANpEerson. Now, Dr. Machta. 

Dr. Macura. Do you want at this time to go into detailed numbers, 
sir? This is what has been suggested that I do. : 

Mr. Ramey. In some detail. Not necessarily in absolute detail. I 
think the idea was that you made certain statements in your testi- 
mony last week, and from that information on the possible nonuni- 
formity of deposits that you could make some calculations on future 
predictions of what might be deposited. | 

Dr. Macuta. Thank you. 

There are essentially three reasons why the fallout over the globe 
should be nonuniform. Two of these have never been in question. 
These are that tropospheric fallout from tests occurs primarily in the 
band of latitude in which the tests take place. 

(Discussion off the record.) 

Senator Anprerson. Proceed. 
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Dr. Macnta. I mentioned that there are essentially three reasons 
J believe why there might be nonuniform fallout over the globe. Two 
of these have never been in question and have been well accepted. 

- First, the tropospheric fallout occurs primarily in the band of lati- 
tude in which the test takes place. 

Second, rainfall being the primary mechanism by which particles 
are removed from the atmosphere, will give rise to greater fallout in 
rainy areas than nonrainy areas. 

The new element which has been added, and on which there may be 
some question, is the point I wish to talk about. This is the fact that 
fallout may be coming from the stratosphere preferentially in the 
temperature latitudes of Northern Hemisphere. 

My contention is that I am not sure to what extent this occurs, and 
in view of the possibility, we ought to take into account a very con- 
servative as well as, let us say, a very optimistic picture, in the hope 
that the truth will lie between the two. 

What I would like to offer now are the numbers that one gets out of 
two pictures; one which essentially gives rise to complete uniformity 
from now on, and one which gives rise to extreme nonuniformity. 

The latter is supposed to represent an absolute upper bound. 

In order to compute my numbers, I have to make an assumption of 
the amount of debris still in the stratosphere, and from the previous 
testimony, up to mid-1956 there are still about 24 megatons equivalent 
of fission products left in the stratosphere. When it comes down, it 
will decay, and consequently there will be a smaller amount deposited 
on th ground. However, one might say that the tests which have been 
held since mid-1956 may balance the decay. 

I can talk about two conditions: One, there are no more tests, and 

we want to find the fallout in terms of what has been put in the strato- 
sphere already; and, second, the tests continue at whatever rate you 
wish to specify. 
_ The curve which I drew several days ago describing the nonuni- 
formity of fallout from all sources—and one need not ascribe it to 
either tropospheric or stratospheric fallout—shows about 10 milli- 
curies per square mile as the average peak in the north temperate lati- 
tude as of 1956. If you have 24 megatons—this is equivalent to 12 
millicuries per square mile when spread uniformly over the globe—by 
adding 10 and 12 one gets 22 millicuries per square mile in the north 
temperate latitude for the case of uniform future fallout. 

Now, superimposed on 

Mr. Ramey. How much is that in subshine units? Is it the same? 

Dr. Macuta. No; it is not the same. 

Dr. Lizzy. You get the answer for the average soil pretty well by 
multiplying by two. 

Dr. Macuta. But these sunshine units are not in the human bone. 
There is still the discrimination factor. 

Dr. Lipsy. These are sunshine units in the soil. So with Dr. 
Machta’s 22, that is the average soil will be 40-some sunshine units. 

Dr. Macura. This, then, would represent a sort of lower bound for 
the average temperate latitude of the amount that would have fallen 
out from tests conducted essentially to date. One can put this into 
perspective. According to the latest information, the norhern tier of 
the United States has about 33 millicuries per square mile. 
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However, superimposed on a. value of 22 millicuries per square mile 
for the average band in the north temperate latitude, one should take 
into account the fact that there are areas of heavier rainfall than 
average. I have stated that the factor taking weather into, account 
should be no more than 2 or 8. I think a reasonable number is two. 

Therefore, I have suggested that the lower limit of the total fallout 
which will occur in the northern temperature latitude will be in the 
order of 40 or 45 millicuries per square mile, or converted to some- 
thing under 90 sunshine units in the soil. 

There is another way of looking at the matter. In a recent letter 
from Dr. Brewer, he suggests that stratospheric debris will come out 
almost entirely in the temperate latitudes of each hemisphere. This 
reasoning would yield a marked peak in the temperate latitudes. 

The number I am about to quote is the upper bound. Mixing in the 
stratosphere must of necessity make this lower. I am not offering it 
as a number that would occur. I would like to make this clear. But 
since this an absolute extreme, the true number would be less than it. 

The number I would like to offer is something of the order of 60 or 
70 millicuries per square mile on the average. And again multiplying 
by the factor of 2, would bring the answer up to 120 or 140 millicuries 
per square mile. 

As I say, I am not quoting this as a number we expect to have. 
This is a thing we can expect as the absolute upper bound. 

This is what will happen from the tests to date. Fallout of stron- 
tium 90 will lie somewhere between 40 and 120 millicuries per square 
mile. 

If we continue our tests at about the same rate, one can also make a 
calculation. Dr. Campbell, formerly of the National Academy of 
Sciences, has published an article in Science which shows how to take 
into account not only the radioactive decay, but the storage in the 
stratosphere. (See p. 1838.) 

Presuming the test rate to continue at approximately 10 megatons 
per year—and if one desires any other test rate the answer is pro- 
portional to it. The assumption is made that the mean stratosphere 
storage time is 5 years—and I prefer this to 10 years, since it gives a 
slightly more conservative answer, although the difference is less than 
10 percent, which is negligible. Then the answer at equilibrium, 
which will take many years to achieve, would be something in the 
order of 350 millicuries per square-mile or a little less, to something 
in the order of 850 millicuries per square mile. A very conservative 
picture is one in which the nonuniformity is no greater than a factor 
of 2 as the ratio of peak to average. A guess on my part—and I 
must admit this is a guess since I have not gone through any quan- 
titative calculations—calls for a factor of 5 for the case of extreme 
nonuniformity for the ratio of peak to world average. 

These give rise, as I indicated, to a range of 350 to 850 millicuries 
per square mile. | 

Mr. Hotxistrer. Is the concept of a mean storage time, in your mind 
a valid one for stratospheric fallout ? 

Dr. Macura. Well, meterologically speaking, it is not necessarily 
a valid one. I think it is useful for the purposes for which we are 
using 1t. | 

Mr. Hotristrer. That is, empirically it is valid, although essentially 
we agree it offers some problems? 
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~ Dr. Macuta. That is correct, ‘sir. 

Mr. Hoxtasrer. The numbers 350 and 850 cor respond essentially 
to equilibrium after a long period of time? Many years ? 

‘Dr. Macuta. That is so. 

Mr. Hottisrer. Could we not say that within, shall we say, 35 to 
100 years we will be so close to the equilibrium value that from then 
on we can say we are at equilibrium, assuming a constant rate? 

Dr. Macuta. I think this is roughly i in the order of magnitude of 
time to achieve equilibrium; yes. 

Mr. Horzister. What is the factor you used to multiply by, to get 
this equilibrium number? 

Dr. Macuta. In the case of the most conservative picture, I assumed 
the peak was in the order of twice the average for the world. At the 
present time, the peak is something, I think, about two and one-half 
times the average of the world. 

In the case of the least conservative picture, which I again view 
as an extreme and not likely to happen, it is of the order of five times 
the average for the world. 

Mr. Ramey. What are those figures, then, translated from ow 
microcuries per square mile to bones, for example? Is that possible? 

Dr. Macuta. It is possible, if the gentleman here would provide 
the numbers. The first step would be to convert to subshine units in 
soil, which Dr. Libby has done very simply. The next step would be 
the discrimination factor.’ This I do not know how to do. 

Mr. Ramey. Perhaps we might carry on from there, and let possibly 
Dr. Libby, Dr. Neuman, or Dr. Eisenbud apply these discrimination 
factors, and see how we come out on these upper and lower limits. 

Dr. Neuman. In my previous testimony, I said that my personal 
choice of the discrimination factor, and one that I thought represented 
the best guess, perhaps, was 8; and that I firmly believe the true dis- 
crimination factors lie between twice or half of these limits, between 
4 and 16. 

As far as I know, the other testimony of people using discrimination 
factors involved figures that also lay between these limits. I think 
some used 14. 

I think, also, that this represents, as I mentioned, the view of Dr. 
John Lautit, of England. I believe he is on record as choosing eight 
for the present. 

Really this is pretty good, considering some of the spread we have 
heard in statements. “A factor of 2 is relatively good. 

I think we are weak on estimates of effects, but in determining levels 
we can pretty well agree that it lies between 4 and 16. 

Dr. Lissy. I would comment on Dr. Machta’s calculations as 
follows: 

Dr, Machta and I agree that the question of the uniformity of 
stratospheric mixing is one that has to be settled by further experi- 
mentation. 

There is a great deal of evidence for a certain amount of strato- 
spheric mixing, as I remarked yesterday, since we do find strontium 90 
in fallout, even at the South Pole and we have never found any place 
in the Southern Hemisphere where it rained at all where we did not 
find strontium 90. 
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So I think the extreme calculation is really rather extreme. It is all 
right to put it down, but Iam sure Dr. Machta would agree it is rather 
an extreme calculation. 

We will know this answer, as I said yesterday, by our stratospheric 
monitoring program. That is, we will know the matter of the hort- 
zontal mixing. | 

Now the possibility of concentration in terms of leakage at a certain 
latitude is an additional point which we will also learn about in con- 
nection with our studies of the age of the fission products that come 
down in our washtubs, We can determine simply whether the mate- 
rial that we collect is old or young. If it is coming from the strato- 
sphere, it must be old; if it 1s coming from the troposphere, it must 
be young. And this program will settle it. 

Representative Van Zanpr. Dr. Libby could you include in your 
statement a time factor? And if that is not possible; will you know m 
a year or 2 years? . 

Dr. Lassy. I think we will know in less than a year. Maybe I am 
being optimistic, but a year ago we would not have made the flat 
statement that rain is it, as far as fallout is concerned. And we all 
make it now. We have established that firmly, we think, during this 
past year. I think so. | 

Representative Van Zanpr. Can you definitely establish the age of 
the fallout ? 

Dr. Lissy. Yes, sir. It is not the easiest thing in the world to do, 
and it has not been done very often, but it ean be done. 

Representative Corx. Does not this fallout have any weight at all? 

Dr. Lipsy. No, sir. 

Representative Cotz. None whatever? irt* 

Dr. Lippy. Negligible. We think the particle size is so small you 
cannot see them, even by the highest powered microscope.. We think 
the particle sizes are well down in the hundredths of a micron range. 
They may be as large as a tenth of a micron. They are very, very 
tiny, too small to see, but we can measure them by virtue of their radio- 
activity. | 

Now the matter of the discrimination factor. I would not argue 
with as eminent .an authority as Dr. Neuman, and I certainly think 
his statement is a fair one from all that I know about this difficult sub- 
ject, that the discrimination factor between average American diets 
and the bones should be between 4 and 16. I think certainly that must 
be right. 

There is one little point I would like to make that seems not to have 
been made by anyone. I think it is just accident. 

We find the fallout in the top 21% inches of the soil; therefore, deep- 
rooted vegetables get less strontium. This is a point worth thinking 
about. If you plow it to distribute it, it will still get less strontium 
for there will be more calcium to dilute it. . : 

So the short-rooted grasses which produce the milk give us about 
the worest situation. 

So I think there is another factor. It is not what we should call a 
discrimination factor, I think, in the human body, but there is a sort 
of physical factor as to the depths of the strontium 90 deposits relative 
to the length of the roots which pick it out of the soil. I do not know 
what that number should be, but I think it is certainly a significant 
number. 
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Maybe like—I do not know. Certainly a number greater than 1, 
and ep PanE ey less than 2.. So there is a factor which could be multi- 
plied by the discrimination factor which Dr. Neuman gives. 

Senator Anprrson. Mr. Hollister. | 

Mr. Hotxister. Dr. Libby, then you would agree that we should 
use equilibrium discrimination factors at the moment rather than, 
for example, to try to relate soil data to, let us say, Kulp’s bone data? 

Dr. Lissy. I think you should do both, Mr. Hollister. That is, 
you should figure out—we know now, as Dr. Kulp has said, that fresh 
bone is, I think he testified, 0.7 sunshine units in this country, and this 
at a time when the average soil was—well, it is hard to say just when 
the children got their average food—but say, 50 sunshine units. Be- 
tween 40 and 50 sunshine units probably was the ground concentra-. 
tion, 3 

Now all of these factors have come in to give us a ratio in excess of 
50 between the ground concentration and new bone at the present 
time. i 
Now, the equilibrium discrimination factors are only part of it. I 
just mentioned another one. | 

There is another factor I have not mentioned, and that is that the 
Imperial Valley and desert regions supply truck crops through irriga- 
tion methods where the strontium 90 is lower. So this leads to a de- 
crease in the strontium 90 content of the average diet, you see. That 
should be in, 

Mr. Hotxister. I am going to go from an MPC in the body, and 
let’s beg the question whether there is one at the moment. If I want 
to go from MPC to testing rate, which I think Dr. Neuman showed 
we could do in principle 

Dr. Lissy. Yes. 

Mr. Hotuister. How do we get there? Do we go by way of a 
factor of 50 or 30,orbyafactorof8? |. 

Dr. Lippy. I do not think we know the right answer to that ques- 
tion... I think you had better do both of these calculations. It looks 
to me like we have to admit to a certain ignorance as to the correct 
way. That is, we have 4 to 16 as the range here. I really think Dr. 
Neuman knows the factor a little better. But that is a fair range. 
Then we have to estimate these various additional things I have men- 
tioned, and there are some unknowns in this calculation. 

Mr. Hotutsrer. Could I ask Dr. Neuman to comment here? 

Dr. Neuman. I think everyone will admit to uncertainty, and I 
would be the last one to say that we are certain of these figures. I 
stated 8 as the best number and estimated the range of 4 to 16, in terms 
of the variability in results reported thus far. ‘There may be some- 
thing basically very wrong with the results on final equilibrium fac- 
tors, in which case our models are wrong. ‘There may, indeed, be 
another factor of perhaps as much as 2 either way. If we multiply 
16 by 2, we are up to 32. I think the uncertainty over how soon 
equilibrium is achieved means that the higher relation found in the 
survey data is not really in disagreement with the experimentally 
determined discrimination factors. 

I would like also to say that I felt the best model to use is natural 
strontium, something with which we truly are in equilibrium. How- 
ever, I feel the data are much less certain than some of our experl- 
mental data with isotopes, because I have distrust of emission spectro- 
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scopy as applied to a wide variety of samples and the difficulty of 
estimating what is actually the average diet. 

I think there is an important document that received no attention. 
(but it is in the record) submitted by Norman McDonald, of UCLA, 
comparing his best estimate of the Sr/Ca ratio of average diet and of 
human bone, determining natural strontium by suspected emission 
spectroscopy. He came out with an estimate of the equilibrium dis- 
crimination factor as 15. This is right in between my estimate of 8 
and some of the higher estimates from the survey data. (See p. 720.) 

So I will confess to this uncertainty, and I think, for purposes of 
calculation, that we should take them at several levels. I would sug- 

est 8 be considered one reasonable value, and 32. Well, that’s too 
igh. I would say 16, right now, is not an unreasonable guess. It 
might also be 4. 7 

Would you agree, Dr. Libby ? 

Dr. Lipsy. I think so. If you have to pick a best number, some- 
thing like that (8 or 16) might be the best one. 

Senator Anprerson. Dr. Langham, I wonder if you would like to 
run through that table now of the calculations showing strontium 90 
in the bone in relation to maximum permissible concentration ? 

Dr. Lancuam. This is a repeat of numbers in essence that were 
placed before you last week. What it amounts to is taking the vari- 
ous estimates of present. levels in the bone, or present levels in the 
soil, and applying ecological discrimination factors, and estimating 
what the equilibrium level will be when our entire environment is in 
equilibrium with the present test rates, assuming 10 megatons of fission 
yield per year injected into the biosphere. 

All this amounts to is taking the various estimates of present bone 
and soil levels and applying Dr. Libby’s factor of 8, which is about 
what these levels will be increased by when equilibrium is reached, 
assuming that we can continue to test at 10 megatons fission yield per 

ear. 

‘ First, we can take Dr. Libby’s estimate given in his recent speech, 
in which he estimated that the United States or rather the north tem- 
perature population belt, would reach equilibrium bone levels of some- 
where between 5 and 20 sunshine units. These values were derived by 
assuming different ecological discrimination factors: 1 in the region 
that Dr. Neuman is talking about, and 1 in the region which Dr. Libby 
has talked about on occasion, up around 80. 

If we take Dr. Kulp’s estimate of two for the equilibrium bone level 
assuming no more tests, which, of course, is for the general population 
of the latitudinal belt, and multiply it by 8, we obtain an equilibrium 
bone level of 16 for continued testing at the present rate. 

I have taken Kulp’s bone data and applied certain corrections that 
I think refine it to some degree. 

Mr. Horsister. At the present rate of testing, and assuming the 
rate continues, or at the present rate of testing, assuming no more 
testing ? 

Dr. Lancuam. These are numbers assuming we continue to test at 
the equivalent of 10 megatons of fission products injected into the 
biosphere per year until we reach equilibrium. ‘This is until the de- 
cay of strontium is equal to the amount we are putting up. 

So we have 5 to 20 sunshine units by Dr. Libby. Dr. Kulp’s num- 
bers give 16. 
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Our numbers from Dr. Kulp’s bone data is 25. 

Mr. Eisenbud, in this meeting, estimated about 40 from New York 
milk data. 

My estimate on the basis of other milk data gives an equilibrium 
bone level of 29. 

If we take the soil data, which is the 22 millicuries per square mile 
that Dr. Libby has estimated at present, multiply by 1.8 to give sun- 
shine units in the soil and apply a discrimination factor of 10 in going 
from soil to bone, we come out with 42. 

Now, Dr. Machta’s numbers that he just quoted are handled in this 
fashion. That is, we take the soil numbers he gave, multiply them by 
about 2 (1.8 to be exact) to get them to sunshine units in the soil, 
and then take one-tenth of that, assuming a discrimination factor of 
10, and we come out with an estimate of from 70 to 170 sunshine units 
(nue Sr-90/g bone Ca) as the equilibrium bone level that will be 
reached if biospheric contamination continues at the present rate. 

Mr. Hotuister. Which soil data are you taking how, 

Dr. Lancuam. The ones Dr. Machta just gave as the equilibrium 
level with continued testing (850-850me/mi’?). Is that not right? 

Dr. Macuta. Yes. | 

Dr. Laneuam. The ones he just gave would predict, then, for the 
United States on this basis, assuming a discrimination factor of 10, 
70 to 170 sunshine units in bone at equilibrium. 

Now the maximum permissible level that we have been talking about - 
is 100 of these units. So I think you can see that at the present rate 
of testing, if we assume all numbers other than Dr. Machta’s are cor- 
rect, the average is a factor of 3 below what we have accepted as a 
maximum permissible level, meaning that we can assume that some 
people will be 3 times the average value, and still not exceed what we 
have set as a maximum permissible level. 

If we take Dr. Machta’s number of 70 sunshine units which is his best 
or average number—is it not—for this? 

Senator Anperson. The lowest number. 

Dr. Laneuam. The lowest number. Then our present test rates 
would not allow a factor of three safety. If we take his most pes- 
simistic guess, then our present test rates could not be permitted. 

Senator Anperson. Actually, Dr. Neuman’s testimony of 2.2 mega- 
tons of fission products to be somewhat safe—I hope I do not mis- 
state you, Doctor—would indicate also we would be a little bit above 
what he regarded as a safe level. I-should not have said it. Maybe 
you should. 

Dr. Neuman. I made two calculations, one using the MPC of 50, 
and one using the MPC of 100. Using the 100 value, I came out with 
a& maximum equilibrium test rate of 4.4 megatons of fission products 
injected annually into the stratosphere. But in that calculation I 
assumed Campbell’s model, and 20 percent overall decay due to the 
reservoir, and I used a factor only of 2 to take care of the variation 
in individuals, but I used a factor of 3 for nonuniformity. 

So, in a sense, my calculation really anticipated Dr. Machta’s, al- 
though I did not know I was anticipating it at the time I made it. 

Senator Anperson. It is very interesting that the two worked out 
as they did. Mr. Hollister. 
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Mr. Hourister. I would like to introduce for the record an article 
by Dr. Charles I. Campbell, entitled “Radiostrontium Fallout from 
Cocaine Nuclear Tests.” 

(The matter referred to is as follows :) 


[Reprinted from Science, vol. 124, November 2, 1956] 


RADIOSTRONTIUM FALLOUT FRoM CONTINUING NUCLEAR TESTS 


In spite of widespread comment on the problem of the fallout of radiostron- 
tium from testing thermoneuclear weapons, confusion persists in the public mind 
and perhaps among many of the readers of Science as well regarding the rela- 
tionship of Sr-90 accumulation on the ground to such factors as assumed 
mean storage time in the stratosphere and the rate of testing of thermonuclear 
weapons. Libby’s recently published report on the AEC’s studies of the Sr-90 
problem (1) was not addressed to the effects of continuing weapons tests. Yet 
his conclusions have recently been quoted in the press as if they were valid if 
tests continue provided only that test rates remain unchanged. 

Libby’s analysis considered essentially the question whether nuclear weapons 
tests to date may have committed us already to an intolerable accumulation 
of Sr-90.. Happily they have not. Speaking to that point, the meteorologists 
on the National Academy of Sciences study of the biological effects of atomic 
radiation stated, “At present, the amount of Sr—-90 in the stratosphere from 
nuclear weapon tests is far too small to approach maximum permissible concen- 
tration even if it all were to be deposited now. However, if the testing pro- 
grams of the several countries producing thermonuclear weapons were to 
intensify, stratospheric storage time may become a critical item in terms of 
hazard to mankind. For this reason, a continuing program to investigate this 
phenomenon is needed, including actual measurements of the radioactivity in 
the stratosphere and improved and more representative methods of observing 
fallout” (2, p. 60). 

The consequences of continued tests can be discussed in terms of a simple 
mathematical model which is generally accepted by Libby and others in this 
country as well as in England (3). Assume that Sr-90 is introduced at a con- 
stant rate n into the stratosphere, where it is immediately mixed uniformly 
over the entire glode. According to British data, mixing is evidently reason- 
ably rapid (3, p. 11). Assume further that fallout occurs at a rate R=kQ, 
where Q is the instantaneous stratosphere storage and & is the reciprocal of the 
mean stratospheric storage time. fom od 

Accumulated radiostrontium on the ground, M, can then be shown to be 


n k r 
=*| Mika —(E+A) 4 g-d | 
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where X is the radioactive decay constant of radiostrontium. If the constants 
are expressed in years and the rate of testing is expressed in terms of millicuries 
of Sr-90 per square mile of the earth’s surface introduced per year into the 
stratosphere, M is given in terms of millicures of Sr-90 per square mile at ¢ 
years. When t=” ; 
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and the maximum accumulation of fallout is seen to be proportional to the 
test rate. : 

Using Libby’s best. estimate for the mean stratospheric storage time of 10 
years and a conservative estimate of the test rate corresponding to the introduc- 
ion of 2.5 mc/mi? yr, per year as a reasonable value for n, the maximum accumu- 
lation of radiostrontium would be about 80 mc/mi’. Libby, considering only the 
&r-90 produced up to 1955, predicted maximum fallout of less than one-tenth 
this amount. The two figures should not be confused. 

It is not yet known what fraction of the total radiostrontium produced from 
a thermonuclear weapon reaches the stratosphere and becomes involved in the 
fallout process discussed here. For this reason, we do not know how to interpret 
available data on test rates and accumulation of Sr-90—for example, whether 
little has reached the stratosphere and has subsequently fallen out again rela- 
tively quickly or whether much has entered the stratosphere but has been held 
back by a long’ storage time. It cannot be said with much confidence, there- 
ae what rate of weapons testing would result in a given accumulation of 

r-90. 
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-Assuming a 10-year storage time and a continuing test rate about twice that 
mentioned in a previous paragraph (corresponding to estimates made by Stewart, 
Crooks, and Fisher in the United Kingdom), the Sr-90 accumulated on the 
ground after about 35 years would be 80 mc/mi*. This would correspond to 
about 0.14 MPC (maximum permissible concentration ) unit in the soil. Accord- 
ing to Libby (4), Sr—90 levels in soils are converted to levels in bones of young 
children at about 70 percent efficiency. .This reduces the figure for levels in 
young children after 35 years of continuous tests to about one-tenth the per- 
missible levels as established for occupational exposures. The concentration 
would not fall much below 0.07 MPC unit even if storage time were found to 
be 20 years instead of 10. Recently committees of the National Academy of 
Sciences (2, p. 89) and the British Medical Research Council (5, par. 281) have 
expressed their belief that only 0.1 MPC unit or less should be permitted for the 
population at large. In fact, the British report stated (5, par. 860) : “So far as 
radioactive fallout may affect the individual, we believe that immediate con- 
sideration would be required if the concentration of radioactive strontium in 
bone showed signs of rising greatly beyound that corresponding to one-hundredth 
of the maximum permissible occupational concentration.” The rate of introduc- 
tion of Sr—90 into the stratosphere assumed here is close to that estimated by 
Libby forthe past 3 years. On the assumptions made here, therefore, a long- 
term test program could conceivably reach or exceed the levels of Sr-90 con- 
sidered safe for the whole population. 

There is little reason to hope that what may be learned about storage time, 
k, will change this situation much. We must hope that new information may 
allow us to increase the maximum permissible concentration of radiostrontium 
in the bodies of the people of the world, that means may be found to decrease the 
input of Sr—90 to the stratosphere from tests, or, preferably, that a new attitud 
among the people of the world will permit us to lower the test rate, n. 


CHARLES I. CAMPBELL, 
Route 4, Bow 361-M, Vienna, Va. 
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and 30 percent. He also estimated that in the past 2 years Sr—90 was introduced 
into the stratosphere at an average rate of 6 mc/mi’ yr, or more than twice the 
rate assumed in the calculations of this paper. Libby’s address will be published 
in Proceedings of the National Academy of Sciences. 

5. Hazards to Man of Nuclear and Allied Radiation (Her Majesty’s Stationery 
_ Office, London, 1956). 


- Mr. Hotutster. I would hke to read a paragraph from Dr. Libby’s 
speech before the American Physical Society on April 26,1957. This 
is on page 23, the third paragraph. 


Of course, as testing continues and more fallout occurs, the levels will rise. 
The strontium 90 that still resides in=the stratosphere at the present will fall 
out according to our expectations at a rate which just about compensates for 
the decay of the material already deposited, so that no great additional increase 
from this source is to be expected from weapons fired in the past. If this test- 
ing should continue at about the same rate as it has averaged over the last 5 
years, then we should at equilibrium, after an infinite time, approach a level of 
8 times the present rate, since the average life of strontium 90 is 40 years. This 
assumes that the future testing will be conducted so as to give in each future 
5-year period the same as the last 5 have. And so we would expect in the United 
States at that time an average human strontium 90 concentration of 20 sunshine 
units with the conservative factor of 20 between the topsoil concentration and 
the concentration in human bone, or 5 sunshine units if the factor of 80 is used. 
In other words, in the United States something between 5 and 20 sunshine units 
would be the equilibrium concentration of human bones if testing continued 
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indefinitely at the average rate of the past 5 years. This level would be ap- 
proached only after a few decades. After 28 years the level would be half of 
this equilibrium value, and after another 28 years, 56 years total, from an 
arbitrary beginning which we have set as 1952, we would expect in the year 2008 
three-fourths of the equilibrium figures. So somewhere between 4 and 15 sun- 
shine units of strontium 90 in human bones in the United States might result 
from the present type of testing being continued for the next 50 years. 

I would like to ask Dr. Libby how he.derived the factor of 8 that 
would represent the levels at equilibrium as compared with the levels» 
now. 

Dr. Lipsy. Mr. Hollister, as you probably know, the strict deriva- 
tion of this is somewhat complicated mathematically. But let me 
try to express it in words. 

If you take a rate of testing which is equal to the average over the 
last 5 years, then per year you have got one-fifth of the total we 
have now. 

Now, if you continue this indefinitely, you will accumulate-a final ' 
total amount which is equal to the average lifetime of the radioactive 
strontium. 

The average lifetime of radioactive strontium is 40 years, not 28 
years. Twenty- -eight years is the halflife. So the calculation 1s 
after an infinite length of time you will have 40 years’ worth if no — 

strontium decays. 

The reason that you do not get more than 40 years’ worth is that 
the decay of the strontium compensates for the new accumulation. 
Now, this holds for both stratosphere and for the stuff that is on the 
ground. 

Now, actually the calculation is not strictly rigorous, in that, as Dr. 
Machta pointed out, and as I have pointed out, too, the strict and 
rigorous calculation is a bit more complicated. But, considering all 
of the factors that are involved here, and restricting the consideration 
to the United States, which was the condition of that paragraph—I 
am not sure that paragraph made that clear. We were talking about | 
the United States—— | 

Mr. Hottister. I think it would be implied in the sentence that, 
“So we would expect the United States,” et cetera. 

Dr. Lissy. Yes. I consider that this factor of 8 is good enough 
and a good-enough approximation to the truth to give. The exact 
truth is not known to us. 

We do not know, for example, whether after a long time the stron- 
tium 90 that lies in the soil will not act in the way that calcium acts, 
in that a portion of it will become unavailable to the plant. We do 
not know whether the strontium 90 that has been there for 5 or 10 © 
years may not be less available to contaminate plants. Chemically, it 
is quite likely that this will happen. I had in mind, in using this — 
factor of 8, to load the calculation a little bit for these factors which 
we have not yet known. I was trying to get a number which I think - 
is the solidest number. . 

Mr. Horzistrr. You would agree, then, it is a loaded number? 

Dr. Lissy. It is loaded on the side of truth, in the side of actuality, 
in the direction of what is most likely to happen. 

Now, it is very difficult to estimate the effect of this precipitation 
out, or removal from the biosphere of fallout strontium, which I 
think we will discover, and I already see evidence in our actual data. 
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ot Hotuister. Would you agree that the Campbell model is cor- 
rect 

Dr. Lizzy. The Campbell model is strictly correct on the assump- 
tions made, surely. I believe it is. I have not gone through all of 
the derivations in detail. | 

Mr. Horuisrer. I went through the Campbell model in trying to 
justify this factor of 8, and using a half life of strontium 90 of 28 
years, the only way I could justify this factor of 8, 8 now being the 
ratio of the level on the ground at infinite time, and the ratio now 
being 5 years after we started the constant rate of testing 

Dr. Lissy. Right. 

Mr. Hotiister. The only way I could justify this factor of 8 was 
to assume the storage time as zero. 

Dr. Lipsy. That is strictly mathematically correct. 

Mr. Hoxtister. If I assume the storage time is 10 years, which I 
believe is sort of an average number that we have seen in the literature, 
this factor of 8 becomes a factor of 32 or 33. 

Dr. Lissy. That is certainly wrong. Not that your calculation is 
not right, Mr. Hollister, but for the reasons I have pointed out. You 
see, we now have on the ground about—what is it—two times as much 
as we have in the stratosphere, something like that, in the United 
States. And this is a very important consideration in your calcula- 
tion. I cannot do it in my head and get the strict mathematical num- 
ber. But we have to consider the biological aging of the strontium 
that goes into the soil. It is very difficult to know exactly what to do 
with this, but is seems to me that it was a reasonable thing to do to say 
that this aging out was about compensated for by the stratospheric— 
the fact that the stuff is stored in the stratosphere. 

Mr. Hotuister. Would you say then that one of the problems here is 
the Campbell model is not strictly applicable? 

Dr. Lizzy. Well, I would not put it quitethat way. I would say that 
we do not know enough to make this calculation with complete cer- 
tainty. But I do believe that the numbers given in the first row (on 
the blackboard) are just about right, and that the schedule that will be 
attained, that is, half of it by 1985, 1s just about right. 

Mr. Horxister. You would agree, though, that if, somehow in this 
loaded calculation we loaded it wrong, it is possible by virtue of the 
Campbell model argument that that 5 to 20 could be greater 

Dr. Lispy. I think this is very unlikely. You see Dr. Campbell did 
not consider the aging, the removal of the strontium 90 from the bio- 
sphere. I believe that is certain to be an appreciable effect. But we 

o not know enough yet to know how important it is. 

Mr. Hoturster. Would the others like to comment either on this 
discussion or on the numbers? 

Dr. Neuman. I would like to say one thing. If the Campbell model 
is 32, this is a factor of 4, and yet you said earlier, Dr. Libby, you 
thought the aging was only a factor of 2. We still have a factor of 2 
running loose. 

Dr. "seeitt I cannot check in my head the factor of 32 of Mr. Hollis- 
ter. I do not distrust Mr. Hollister’s figure, though. | 

Dr. Macura. My numbers on the board obviously stick out like a 
sore thumb. The reason lies partly in the factor of 8 used to increase 
the other values. The aging factor that Dr. Libby just indicated as 
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being included in the 8—when you put that in my figures, they would 

be reduced to the same order of magnitude as the others. So those 
numbers are not comparable. If you do not take into account Libby’s 
aging factors, and if you make the assumption, for example, that half 
of what fell out in the United States is tropospheric, and half strato- 
spheric, then instead of a factor of 8 you get something like 14 for the 
conversion of the 5-year fallout to equilibrium fallout, 

Further, if you assume what came out of Castle is only 3 years old 
instead of 5 years old, the number 114, becomes even higher. 

So this is the reason for the difference. Dr. Libby has incorporated 
in the 8 other factors. These and other differences should be included 
in the 70 and 170, and the changes will bring my answers down to the 
others. So as now written they are not comparable and I do not wish 
the record to show this comparison. 

Dr. Lassy. Should they not be still higher ? 

Dr. Macuta. No, I do not think the answers will come out higher 
if you take into account the aging and other factors. | 

Mr. Hotuister. Do we not all agree on the discrimination factors? 
So there is only the question of uniformity and nonuniformity, an 
the upper limit would have to be higher; isn’t that so. | 

Dr. Macuta. The upper limit, yes. . | 

Senator Anprrson. I am going to recognize Mr. Durham in just 
-a@ second. : | 

Would you submit a subsequent calculation for our record that 
might take into consideration some of these other things? We are 
trying to find where the truth lies. There are all kinds of truths: 
There are truths, half-truths, the whole truth and nothing but the 
truth, so help you God. : 

Dr. Macura. I have given the amount falling on the ground. 
When that is converted to what goes into the bone, others are con- 

- tributing, what are the conversion factors? If someone would tell 
me, then the numbers can be made comparable. But this has not 
been done, sir. = 

Senator Anpzrson. I just thought you might say, assuming a cer- 
tain factor, which everybody seems to agree on, 8 or some other figure, 
is proper, your figures would come to this point. If you can do it, 
fine, we will appreciate it. We have appreciated your cooperation 
thus far so much. If you can do it, fine. If you cannot, nobody is 
going to put you in the penitentiary. : 

Mr. Durham. | : 

Chairman Durnam. My question may be irrelevant, but I am going: 
to ask it anyway. Is it in general agreed by all the scientists world- 
wide that no strontium existed until we developed a thermonuclear 
weapon ? | 

Representative Coz. How can you be sure? I am intrigued by 
the question, because I am curious to know. 

Chairman Duruam. I was thinking of the possibility. Of course, 
this is getting rather high into the problems above the stratosphere 
and biosphere and all the rest of the spheres, and getting up into. the 
satellites. Is there any scientific data on the possibility this could 
have happened over the many, many years of existence of the satellites 
that some chemical reaction possibly took place, and now we are get- 
ting this down on the earth? ¥ 


Dr. Lizzy. You asked two questions, Mr. Durham. 
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‘To answer the first one, well, you stated, and Mr. Cole asked if 
you knew your statement to be correct. 

Representative Corr. No.. You misunderstood. You gentlemen 
were nodding your heads when Mr. Durham asked if there were gen- 
eral agreement worldwide among the scientists that strontium 90 did 
not exist prior to the atomic age. You were all nodding your heads. 
It was because of that that I said, “How can you be sure ?” 

Dr. Lissy. Yes. I will tell you. 

Representative Cotz. Referring to strontium 90. 

Dr. Lissy. I will tell you how we can be sure. We looked for it 
before the atomic bomb was invented, and we could not find it, sir. 
That is how we know and we can still look for it by taking old material, 
As a matter of fact, the other day I got a can of old tuna fish from a 
neighbor of mine, which was canned before July 16, 1945, and we will 
look for strontium 90 in that. Dr. Langham has been collecting milk 
samples. I do not know whether he has been successful. But just to 
be sure that there was no strontium 90 before the atomic bomb was 
first fired we have done these things. 

We have looked in old bodies and there is not any. We have looked 
in the ground below this 214-inch level and there is not any. This is 
how we know, Mr. Cole. | ; 

Chairman Duruam. How high have you looked for it? 

Dr. Linsy. Well, sir, the highest we can look is as high as we can 
pale air, which is—I do not know the exact answer, but it is a few 
mies. ‘5 

Chairman Duruam. Will we get any data from the satellites we are 
building ? 

Dr. Lissy. Now on your satellite question, it is a very interesting 
point. A few months ago we would all have given a categorical “No” 
to your question and said there could not be any up there. But recent 
evidence has indicated that we did not know as much as we thought 
we knew about the contribution of the sun to the earth. We learned 
a year ago last Washington’s Birthday during the incidence of a 
great solar flare that matter comes to us from the sun directly, and 
that the so-called cosmic rays, which we have been speaking about so 
much, come in part from the sun. Now, if these can come from the 
sun, I am not so sure that a tiny little negligible amount of strontium 
90 might not possibly come from the sun. 

The only thing I can say now is that it must not be too large an 
amount, or we would find it in preatomic bones and soil, and we have 
not. So it is not too large, but it still might be up there in detectable 
quantities. I am quite sure it will not be enough to in any way upset 
our considerations. 

Chairman Duruam. Then we cannot convict man entirely at the 
present time of placing this burdensome problem upon the world ? 

Dr. Lipsy. I am not sure that it is there, either, Mr. Durham, but 
there is a possibility. 

Chairman Duruam. A possibility. 

Senator ANperson. Off the record. 

Discussion off the record.) 

enator ANDERSON. I think if there is no violent objection, I am go- 
ing to take advantage of the suggestion here and adjourn. We will 
not have a session this afternoon because the House is very busy with 
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a long series of votes, and it makes it most inconvenient for the Mem- 
berstocomeand go. They want to besure to hear it all. 


‘Therefore, tomorrow morning at 10 o’clock, in the old Supreme | 


Court room in the Capitol, the final session will be held. There will 
be no afternoon session. 

That is the final session only as to these hearings. 

The chairman of the subcommittee will muoubtad st T think, recom- 
mend to the full committee that the hearings be adjourned at that 
time for the development of subsequent testimony, if it seems desirable. 
Is that not correct? | 

Representative Hortrrevp. Yes. 

Senator Anperson. Therefore, we will meet tomorrow morning in 
the old Supreme Court room, at 10 o’clock, and we will have only a 
morning session, because some of these witnesses who have been kind 
enough to stay with us for several days are going to find it necessary 
to leave, and we want their contributions to us as we we go along. 

Mr. Durham. | 

Chairman Duruam. I would like to compliment the panel this 


morning for a fine display of knowledge. I feel it did a lot of good 


here and throughout the world. | 

Senator ANDERSON. Just before we go, Dr. Machta, you said your 
figures stick out like a sore thumb? , 

Dr. Macuta. Yes. I do not think they should be put on the board 
and quoted. They are not comparable because the proper discrimina- 
tion factors have not been applied. Therefore, I do not believe the 
press should quote them in any way whatsoever, sir. | 

Senator Anprerson. Let us ask the newspapermen present not to 
report the Machta figures which he desired not to be put on-the board. 
I would not want to take advantage of any witness here. I know Dr. 
Langham well enough to know that he put them on with the best of 
intentions, and only to call attention to the fact discrimination factors 
is not in it. ! A 

If a hundred is permissible, and he has a 170 figure, it might look 
dangerous, which he does not desire to have it look. I am very anxious 
we do not distort the comments of a very fine scientist who has been 
willing to come to us and help us in this discussion. 

Thank you very much. | 

(Below are several items of correspondence following the day’s dis- 
cussion and a comprehensive report on the potential hazards of 
strontium-90 prepared by Dr. Wright Langham and Dr. E. C. 


Anderson. ) ¢ 
[Telegram] 
JUNE 7, 1957. 
Hat HOtctistTer, 
Joint Committee on Atomic Energy, 
The Capitol, Washington, D. C.: 

Regret unable to remain for further discussion at Thursday morning panel. 
In view of importance of question as to whether National Academy of Sciences 
pathology report is or is not out of date, suggest Joint Committee request an- 
swers to following questions from Drs. Warren, Brues, Neuman, Langham. To 
wit on page 7 of the pathology report it is stated that “there seems no reason to 
hesitate to allow a universal human strontium burden of one-tenth the (occu- 
pational) permissible level.” That is, of 100 sunshine units. Further, on 
page 2-9, it is stated that “it was felt that an amount of internal radiation 


ail 
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sufficient to double the large population background. could certainly be con- 
sidered safe.” That is, of approximately 40 sunshine units. On the other hand, 
the British Medical Council report stated on page 68 that immediate considera- 
tion would be required if the strontium concentration in the human bones showed 
signs of rising greatly beyond 10 sunshine units. 

According.to some of the testimony presented to the Joint Committee it is a 
reasonable although unproven inference from available data that a worldwide 
average strontium 90 level in human bones of 100 sunshine units could be ex- 
pected to produce several million cases of leukemia and bone cancer over a few 
decades. In view of these comparisons, do you feel that the existing pathology 
reports, prepared in early 1956, gives a balance view of the strontium 90 prob- 
lem and serves as a proper guide for consideration of it? 


Dr. WALTER SELOVE. 


UNITED StatTres ATOMIC ENERGY COMMISSION, 
Washington, D. C., June 7, 1957. 
Mr. H. L. HOLLISTER, 
Staff Member, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DEAR Mr. HoLuister: The point about the factor by which the soil burden 
of strontium 90 would be expected to increase if testing were to continue at 
the average rate and in the same type as during the last 5 years was discussed 
by yesterday’s panel, and you asked why I had given the factor to be 8 in my 
April 26 address before the American Physical Society when this would be 
strictly true only if the stratospheric residence time were zero. 

I told you that the factor of 8 was given because the aging of deposited 
strontium 90 in the ground would gradually render a considerable portion of it 
unavailable to plants and that the lower factor of eight was chosen to com- 
pensate for this. The aging effect is analogous to the incorporation of the stron- 
tium 90 into insoluble solids form which will not feed the plants. For example, 
ealeium occurs in soils in two forms—the “available” and the “unavailable” 
and the distinction always is made in soil analysis. 

The factor of increase in the absence of any aging appears to be about 11 
instead of 32 as given yesterday. (The cause of the difference between our 
calculations is not clear to me. I did not use Dr. Campbell’s equations but 
derived my own as given below. Perhaps some inadvertent error is involved. 
I would be pleased to check this out with you.) 

I believe that the decrease from 11 to 8 to account for about 30 percent of 
the strontium 90 becoming unavailable to the plants is reasonable. 

The detailed calculation is appended. 

Very sincerely yours, : 
W. F. Lipsy. 
APPENDIX 


Amount of Sr” in the stratosphere after ¢ years is, y. 

Amount of Sr” on the ground is, @. 

Since the rate of accumulation in the stratosphere, dy/dt, is the deposition 
rate, S, less the fallout rate, y/10, and the decay rate, y/40, 


dy/di=S— y(1/10+ 1/40), or 


y=S (: — em (1/1041 /40) 
1/10+ 1/40 
Similarly, 
«=40(S+T7) (1—e tM) —y. 


In these equations, 7 is the rate of tropospheric fallout. In order that at five 
years the ratio of the amount deposited (30 mc/mi’ in the northeastern United 
States) to that in the stratosphere (12 mc/mi’) be given correctly the ratio of 
8 to T must be 4 to 7. With this the ultimate amount on the ground relative 
to that deposited at 5 years is 11. 
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UNIVERSITY OF ROCHESTER, 
Rochester, N. Y., June 12, 1957. 
Dr. W. F. Lipsy, 
Commissioner, United States Atomic Energy Commission, 
Constitution Avenue, Washington, D. C. 


DEAR Dr. Lissy: Thank you for the copy of your letter of June 7, 1957. My 
associates and I have gone over the equations and find them to be mathemati- 
cally correct. 1 believe I understand the origin of the difference between your 
number 11 and Hollister’s number 32. Hollister, perhaps, will agree. I be 
lieve he was using Campbell’s equation which is derived for stratospheric fall- 
out only. The number 32 applies to ground levels due to stratospheric fallout 
only not to the total on the ground at 7'=5 years. 

I think, though probably obvious to most, it should be pointed out that pre- 
dictions of equilibrium from these equations are based on two assumptions: first, 
that the overall test rate will be constant and second, that the proportion of trap- 
ospheric to stratospheric fallout will remain the same. 

Is it correct to say you now predict ultimate ground levels of between 432 to 
600 sunshine units (depending on the importance of your postulate of ageing) 
if testing continues? If so, and if you agree with me that the population aver- 
age should not exceed 40 S. U. (MPC=100 S. U.), then discrimination factors of 
10 to 15 would be required for the present test rate to be permissible indefinitely. 
A figure of 80 percent of the “present test rate” would seem to me to be a “‘per- 
missible test rate” compatible with your figures. 

I would appreciate your comment since my estimate, though only differing 
by a factor of two (4.4 Megations), presumed ideal conditions of worldwide 
fallout. 

Sincerely yours, 

WILLIAM F, NEUMAN, 
Associate Professor, Pharmacology and Biochemistry. 
ec: Mr. Hal Hollister. 





Unitep States ATOMIC ENERGY COMMISSION, 
Washington, D. C., June 24, 1957. 
Prof. WILLIAM F.. NEUMAN, 
School of Medicine and Dentistry, 
The University of Rochester, Rochester 20, N. Y. 


DEAR PROFESSOR NEUMAN: You are correct in finding that my equations pre- 
dict ultimate ground levels of between 400 and 600 S. U. (depending on the im- 
portance of the aging factor) if testing were to continue indefinitely. A popu- 
lation average concentration of 40 S. U. then would correspond to discrimina- 
tion factors of 10 to 15. Of course, these discrimination factors would include 
the ploughing factor which I mentioned the other day. Of course, one normally 
does not plough range land but, over a period of many years, I believe that Sr” 
would gradually mix itself with deeper lying layers of soil. This factor should 
be included in the overall discrimination factor. I believe in your discussion 
of discrimination factors, you begin with vegetation and then consider the dis- 
crimination factor between vegetation and human bone. Do you not? 

I hope we can meet again before long to discuss these problems. 

Sincerely yours, 
W. FE. Lipsy. 
ec: Mr. Hal Hollister. 





UNITED STATES DEPARTMENT OF COMMERCE, 
WEATHER BUREAU, 
June 27, 1957. 
Hon. CHET HOLIFIELD, 
United States House of Representatives, 
Washington, D.C. . 

DEAR Mr. HoriFteELp: In response to a request by Senator Anderson for informa- 
tion on the morning of June 6, 1957, I am enclosing the following remarks for 
the clarification of my testimony. 

The strontium®® bone content at equilibrium (i. e., if tests are continued at the 
current rate of 10 megatons of fission products per year and after a very long 
time) can be obtained from the predicted fallout. In my testimony, I estimated 
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that the fallout would lie between the 350 to 850 millicuries per square mile. These 
mumbers were converted to strontium®® ‘bone content in sunshine units by Dr. 
Langham to provide a range from 70 to 170 sunshine units. They were compared 
with numbers also estimated by Dr. Langham for other investigators which lay 
between 5 and 40 sunshine units. There are four reasons why the human bone 
content of strontium%® based on my fallout estimates were higher than the 
others: 

1. The conversion from millicuries per square mile to sunshine units in 
average soil was a factor of 2. It should have been 1.8. 

2. The conversion of fallout in 1956 to fallout after equilibrium has been 
established was performed by Dr. Langham through a multiplication of 8 for the 
numbers assigned to the other analysts. The factor of 8 should have been some- 
what higher. The 8 was used to compensate for the aging of strontium®® in the 
soil and the effects of plowing. 

3. Many of the other investigators (and perhaps all) use discrimination factors 
in converting from soil to human bone which are greater than 10, that is, gave 
lower bone content from the same soil. The value of 10 was used by Dr; Langham 
in converting from soil to human bone for my numbers: 

4. The upper bound quoted in my fallout figures is offered only as an extrenie. 
Other investigators, except for Mr. Eisenbud, did not offer upper bounds. 

A review of the situation during the past several weeks has indicated two 
features: First, the use of comparable conversion factors yields final answers 
for my fallout estimates which are essentially the same as those for Dr. Libby 
and Mr. Hisenbud. I was unable to check the numbers assigned to the other 
investigators. The reason for the similarity is evident. Both Dr. Libby and 
Mr. Eisenbud have made their predictions for future fallout based on fallout in 
northeast United States where there is nonuniformity of fallout. That is, the 
fallout in northeast United States is over 3 times the worldwide average in 1956. 
Second, I am unable to provide a set of predictions for human bone content of 
strontium®® at equilibrium if the test rate is continued at about 10 megatons per 
year, because I cannot choose between the various conversion factors which have 
been quoted during the fallout hearings. For example, the discrimination factor 
from soil to bone has been variously estimated as lying between 8 and 80. 

I feel that the uncertainty in nonuniform fallout over the globe represents only 
one of many of the uncertainties in the final prediction of human bone content. 
Other factors are: The importance of transportation of food from one area 
to another, the variability of calcium content of soil, the relative importance of 
plowing and aging, variability among people, etc. It would seem to me that 
some kind of a statistical treatment is necessary. The use of extremes of each 
of these factors does not obtain a realistic upper bound for the likely bone 
content of human beings. 

In conclusion, I should like to repeat that the estimate of 850 millicuries per 
square mile, the equilibrium fallout if test rate is continued at 10 megatons per 
year, is offered only to show that even with the uncertainty in meteorological 
factors, a reasonable upper bound can be provided. It is a guess which we hope 
will be refined in the next few months. 

Sincerely yours, 
LESTER MACHTA, 
Chief, Special Projects Section, Office of Meteorological Research. 


UNIVERSITY OF ROCHESTER, 
Rochester, N. Y., July 2, 1957. 
Dr. W. F. Lissy, 
Commissioner, United States Atomic Energy Commission, 
Constitution Avenue, Washington, D.C. 

DeEaAR Dr. Lipsy: This letter has as its purpose the possible resolution of some 
of the differences in the various calculations presented at the congressional hear- 
ings. I understand from Dr. Potts that an attempt is being made to recall at 
least some of the participants of the roundtable discussion for this same purpose. 

Unless I am mistaken, Machta and I derived independent approaches to the 
problem. EHisenbud, Kulp, Langham, and you gave independent calculations of 
bone levels, but all of these were based on your predictions of ground levels at 
full equilibrium. 

Machta and I were, I believe, in substantial agreement provided we used similar 
discrimination factors. All the values based on your ground-level estimates, 
however, were somewhat lower and the question is “Why?” 
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I have, to my own satisfaction, answered this question.’ Using your equations 
as given in your letter of June 7 to Mr. Hollister, I have substituted in the same 
values with one exception: I used t=8 years for stratospheric fallout and t=5 
years for tropospheric fallout. After all, there was inappreciable stratospheric 
fallout prior to test Castle. On this basis, 7=6 me/mi?/yr. and S=4.8 me/mi’/yr. 
and #, at t=~, is 396 mc/mi2, or about 710 sunshine units. Using as I did 
an overall discrimination of 8, equilibrium bone values would then average 89 
sunshine units which is 2.2 times too high (MPC=100, av.=40). 

The so-called present “level of testing,” said to be 10 megatons per year, 
should thus be reduced, on these assumptions, to about 4.5 megatons. This 
agrees with my testimony giving the figure of 4.4 megatons per year, whether 
we base our predictions on rate equations or on a presumed equilibrium. This 
is true, of course, only if you find my application of your equations to be accept- 
able. If you do agree, then, the equilibrium values of EKisenbud, Kulp, and 
Langham should be multiplied by 13.2/8, before they are corrected for “aging,” 
“plowing,” ete. : 

You asked (June 24) whether the discrimination factor of 8 covered only the 
area from vegetation to bone. In my testimony, I specified this to be the 
case. I said further that other more or less favorable factors (fallout to 
vegetation) may soon be discovered, but the experimental data were, in my 
opinion, as yet too inadequate to permit the assignment of numerical values. 
I then asked: for further discussion of this point. In summary, then, I used 8 as 
an overall factor, but it admittedly is based only on the transfer from vegetation 
to bone. 

Your comments will be appreciated. 

Very truly yours, 
WILLIAM FEF’. NEUMAN, 
Associate Professor, Pharmacology and Biochemistry. 
ec: Mr. Hal Hollister. 





UNIVERSITY OF PENNSYLVANIA, 
Philadelphia, Pa., July 23, 1957. 
Reference: EM: FN 
Division of Biology and Medicine, 
Dr. C. L. DUNHAM, 
Atomic Energy Commission, Washington, D.C. 

DeaR Mr. DUNHAM: Thank you for your letter regarding the July 29 sym- 
posium. It is very fine that the unfinished business of the congressional hearings 
is being pursued by the Commission. 

In addition to the problem of prediction of future levels of strontium #90, I 
wonder. whether the plans for the meeting include discussion of the “permissible 
level” of strontium #90 in humans. This subject also was not fully covered 
in the hearings. Because of its great importance, discussion of this subject 
should be carried out to a more satisfactory stopping point. 

Sincerely yours, 
WALTER SELOVE. 
ec: H. Hollister. 


POTENTIAL HAZARD OF WORLD-WIDE Sr” FALLOUT FROM WEAPONS TESTING 
By Wright H. Langham and Ernest C. Anderson 


Los Alamos Scientific Laboratory, University of California, 
Los Alamos, New Mexico 


1. INTRODUCTION 


During the past year public attention has been increasingly focused on the 
potential hazard to the general population of wide-spread, low-level, radioactive 
fallout from nuclear weapons testing (1-5). Although a number of radioisotopes 
are present in the fission mixture, Sr” is the major concern. It is believed to 
be the most important radionuclide because of its similarity to calcium, long 
physical and biological half-life, and high relative fission yield. These factors: 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1349 


lead to high incorporation in the biosphere and a long residence time in bone. 
General contamination will result in the bones of the population eventually 
reaching an equilibrium state with Sr” in the biosphere. The predominance of 
Sr” over other long-lived radioelements as a potential hazard can be deduced in 
part from data in Table I, which show that it is the only isotope that combines 
bigh fission yield, long half-life, high absorption rate and a low maximum per- 
missible level (MPL). These data suggest Cs™ by at least an order of magnitude 
fission product, and its presence in people and foodstuffs has been reported 
(6, 7). However, for reasons not discussed here, its potential hazard to the 
ee ae is believed to be less than that of Sr” by at least an order of magnitude 
(8). 


TABLE I.—Radioelements of importance to long-term fallout problem 





Type Fission | Radiological | Absorption MPL 


Radioelement radia- abun- half-life on inges- (uc) 
tion dance 1 tion 
Percent Percent 

P1125) eee ee one ae Oona oe eL* Cis el bee 24,000 years... 3810-3 0.04 
a) slit eee ene eee nc oe eee Bim 6.2 | 28 years.__.... 100 8 
ES gle A eral got, el ee AE aed ae dnt eee B 6.1 | 28 years_.....- 35 1 
IP yn) ee ee AE B 2.6 | 3.7 years....-- 3X 10-2 25 
EPPA AN a ee eee eee ee) Byu 5 | 1.0 year_...... 510-2 4 
0 Eel ee cn Se ee Bu 5.3 | 275 days_...... 310-2 ] 





1 Slow neutron fission of U235, 


Appraisal of the potential hazard from world-wide fallout of Sr® requires 
consideration of the extent and rate of fallout, its method of incorporation into 
the biosphere and the human body, present and predicted levels in soils and 
people, the basis of presently accepted maximum permissible body levels, and 
the biological significance of present and future body levels in terms of the 
megatons of fission weapons detonated. Information on all of these factors 
is somewhat inadequate at the present time. This paper is an attempt to pre- 
sent a general Summary of the present thinking with regard to the above factors. 


2.. GENERAL WORLD-WIDE FALLOUT FROM BOMB TESTING OPERATIONS 


Based on measurements of world-wide fallout, Libby (2, 3) proposed a 
mechanism by which atomic debris is disseminated throughout the world. This 
theory leads to three kinds of fallout, which are illustrated in Fig. 1. First 
is local fallout which is deposited in the immediate environs of the explosion 
during the first few hours.. This debris consists of the large particles from 
the fireball and includes residues from the soil and structures which are swept 
into the cloud in wholly or partially vaporized state. The fraction of the total 
radioactivity which falls out locally depends very much on those conditions of 
firing which govern the amount of soil and extraneous debris incorporated in 
the fireball. 


ON MAN 
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The second type (stropospherie fallout) consists of that material injected 
into the atmosphere below the tropopause which is not coarse enough to fall 
out locally. This debris is sufficiently fine that it travels great distances, 
eireling the earth in the general latitude of the explosion, until. removed from 
the atmosphere by rain, fog, contact with Si 7 ee? and other meteorological 
and/or physical faetors. The average tropospheric fallout time is estimated as 
20 to 30 days. The fraction of the fallout. whieh is in this category depends 
mainly on the size of the explosion and the. eonditions of firing. If the ex- 
plosion exceeds a certain minimum size (about one megaton (MT) ), the fireball 
will have enough energy to penetrate the tropopause carrying fission products 
into the stratosphere. Smaller detonations leave in the troposphere all debris 
not deposited locally. The fraction of the fission products from a large weapon 
that remains in the tropopause depends on the size of the explosion, conditions 
0° firing, and meteorological factors. 

The third type (stratospheric fallout) is composed of fission products that 
are carried above the tropopause and can result only from large weapons. 
Libby (3) has postulated that the activity is mixed rapidly throughout the 
stratosphere and falls back uniformly into the troposphere (see footnote page 
10), where it is deposited over the earth’s surface in relation to meteorological 
conditions. The over-all mean deposition time is estimated at from 6 to 10 
years. 

The above mechanism leads to a general distribution pattern of radioactivity 
over the surface of the earth as shown in Fig. 2. Libby’s estimates (3) of Sr* 
levels in the fall of 1956 suggest 22.mc/mi’ for the midwestern section of the 
United States, 15 to 17 me/mi’ for similar latitudes elsewhere in the world,’ and 
8 to 4 me/mi’ for the rest of the world. The higher value for the upper midwest- 
ern United States is attributed to greater local and tropospheric fallout because 
of the proximity of our own continental test site. The 15 to 17 mc/mi’ deposited 
between about 60° N and 10° N latitude is due to tropospheric fallout from all 
shots of less than 1 MT conducted in the northern hemisphere plus stratospheric 
fallout from all weapons greater than 1 MT. Actually, this general picture is 
greatly oversimplified. Once fission products are suspended in the troposphere 
(either directly by the detonation or by air exchange, regardless of mechanism, 
between the troposphere and the stratosphere), meteorological conditions play a 
major role in their deposition. Libby (3) has stressed the importance of rain- 
fall, fog, and mist. Within any major fallout area one might expect to find 
fluctuations in the level of surface deposition which correlate with local meteor- 
ological conditions. Higher deposition in a local area does not correlate neces- 
sarily with total precipitation but rather with frequency of rainfall. 


1The latitude position and width of the north temperate tropospheric fallout belt is 
variable and hard to estimate. Earlier Libby mentioned 60°N-10°S (2) ; later he men- 
tioned 50°N-10°N (3); and most recently he referred to 60°N-10°N (10). The area 
between 60°N-10°N latitude agrees better with soil data and it is assumed by the authors 
that the 15 to 17 mc/mi? applies to this area. . i 

2Machta (47), in testimony given during the Open Hearings of the Joint Committee on 
Atomic Energy, postulated that stratospheric mixing is slow and that stratospheric dis- 
tribution of fission products is still nonuniform. He feels that a major portion of the 
nuclear debris is still in the northern portions of the northern hemisphere, rather than 
uniformly spread over the entire globe or even uniformly dispersed in the northern 
hemisphere itself. He feels also that stratospheric movement of the fission preducts is 
largely by direct transport from west to east in the general latitude of the point of 
injection with very slow vertical mixing. Slow polewards circulation of stratospheric air 
from equatorial regions provides some mixing towards the poles. The higher concentra- 
tions of fallout in the temperate latitudes was explained on the basis of air exchange be- 
tween the troposphere and stratosphere through the break in the tropopause frequently 
found in the vicinity of the jet stream. A large part of the higher concentration of Sr” 
found in the northern part of the United States may result from such uneven strato- 
spherie leakage instead of the proximity of the Nevada Test Site. In either case, the 
general distribution of Sr® is relatively the same qualitatively. Quantitatively, Machta’s 
model predicts a greater degree of nonuniformity of fallout over the earth with higher 
concentrations in the temperate latitudes. 
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8. PRESENT AND PREDICTED MAXIMUM LEVELS OF SURFACE DEPOSITION 


Libby (8) estimated that the stratospheric reservoir (in the fall of 1956) con- 
tained the products of about 24 megatons of fission. One megaton of fission 
results in the formation of enough Sr” to give a surface deposition of 0.5 me/mi? 
if uniformly distributed over the entire surface of the earth. If all material 
presently in the stratospheric reservoir were deposited instantaneously and 
uniformly over the earth, present values would be increased by 12 mc/mi’, and 
the maximum surface deposition of Sr” would result. Maximum deposition, 
however, will not occur because of the relatively long average stratospheric 
storage time (6 to 10 years), which will allow some of the strontium to decay 
before deposition. Figure 3 shows, however, that the predicted maximum level 
is not highly dependent on the mean time of fallout. Although British investi- 
gators (9) appear to favor a fallout half-time of about 5 years, Libby (2) has 
chosen to use a value of 7, which corresponds to a mean time of about 10 years. 
With a mean time of 10 years, the maximum predicted level of Sr® surface 
contamination from fission products alreadmy present should occur in about 
1975. Table II shows the estimtaed present levels (October 1956 (3)) and the 
maximum predicted levels that might be expected at that time. 


1.0 
0.8 


0.6 


Mmax/@ 


04 
0.2 


°o arte Te 5 
FALL OUT MEAN TIME-YEARS 


Figure 3. Dependence of maximum level of deposition on mean time of fallout. 


TABLE II.—Present and predicted maximum levels of Sr® surface deposition * 





Level Maximum 
Area October 1956} level 1975 
(me/mi?) (me/mi?) 
maa western United States. © 2ets ue J cP Se $395.) - nn ccccencstacedeunsnecaseaes 22 29 
Hetween:60c.N..and 10° N. latitude: 2. bk BS in Sedss ee 16 23 
ICRC OTIC. ss a Pee et OF SN  cdcckeewn ec gebakense 3.6 10 
EEN AI SES, I a cht Sie ee ee 28 315 





1 Assuming products of 24 MT fission in the sirabcepere Jan. 1, 1957, and a fallout mean time of 10 years. 
* Calculated by weighting for respective areas, taking 35 percent of earth’s surface as lying between 
60° N. and 10° N. latitude. 


As stated previously, these figures assume uniform world-wide distribution 
of the material now in the stratospheric reservoir and no more weapon tests. 
Under these conditions, the area in the midwestern United States would be 
expected to reach a level of about 29 mc/mi*. The area between 60°N and 10°N 
latitude may reach about 23 mc/mi’, and the rest of the world may reach a 
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level of about 10 mc/mi*. These values are general levels only, assuming uni- 
form distribution within the respective areas. Local meteorological conditions 
will produce nonuniformities within these general regions. Recent data (10) 
suggest that some areas of the United States (South Dakota, Iowa, Michigan, 
New York) already may have deposition levels of about 29 mc/mi? (January 
1957). 

4, INCORPORATION OF SR” INTO THE BIOSPHERE 


When Sr” falls upon the earth’s surface, it is taken into plants through the 
root system in relation to the available calcium in the soil. That which settles 
directly on vegetation may remain as surface contamination, or a part of it 
may enter the plant through foliate absorption. When plants are eaten by 
animals, Sr” deposited directly on the surface or incorporated in the plant (by 
foliate absorption or from the soil) is absorbed by the animal along with cal- 
cium. When plant and animal products (e. g., milk) are eaten by man, the 
Sr” they contain becomes incorporated with his body calcium and deposits 
predominantly in the bone. 

It is reasonable to assume that strontium may be discriminated against with 
respect to calcium in passing along the ecological chain. For example, the 
Sr”/Ca ratio in the bones of people may be expected to be lower than the 
Sr”/Ca ratio in the soil, which is the beginning of man’s food chain. 

Information regarding Sr” in relation to man and his environment may be 
obtained from data on stable strontium. Turekian and Kulp have reported 
stable strontium to calcium ratios in human bone (11) and in sedimentary and 
igneous rocks (12). If it is assumed that the average stable strontium to avail- 
able calcium ratio in the world’s soils is essentially equal to that of the rocks 
from which they are formed, the over-all discrimination ratio (OR) against 
strontium over calcium in passing along the ecological chain from soils to bone 


(Sr*/Ca)vone | 
(Sr*/Ca) sor ack 


Data on stable strontium content of human bone ash were reported by Hodges 
et al (18) and show conclusively that, under equilibrium conditions, stable 
strontium is equally distributed throughout the skeleton (Table III). ‘Their 
results were confirmed by others (11, 14), and leave no doubt but that man’s 
bones will eventually come into equilibrium with the Sr® contamination in his 
environment. 


is about 04, te, 


TABLE III.—Stable strontium content of human bones 


A SE a a a a 
Sr in bone ash (percent) 





Sample 
Parietal Vertebra Rib Femur 
Fetal 1 tho Ses) ne eats Se ee ee 8 eee ne Bee 0. 016 0. 016 0.017 0. 017 
All ages 22> Beit SARA be Otek UOTE TE eee ee le 0. 023 0. 022 0. 022 0. 022 
1914 cada verges eee ey Ee he Oe ee ee 0027) [ose r ek eee 0. 027 0. 025 


1 Fetal bones showed range of 0.015 to 0.019 percent. 
2 All-age group showed no significant increase with age when analyses were compared in 5 age groups. 


Alexander, Nasbaum and MacDonald (15) obtained excellent data on the 
discrimination against strontium over calcium in going from plants to milk. 
They compared the stable strontium to calcium ratio of cows’ milk with that 


(Sr°/Ca) milk c 
(Sr*/Ca) feed =0.18. These authors 


(16) also studied the relative uptake of stable strontium and calcium from the 
diet by a variety of rodents, including rabbits and kangaroo rats from the Nevada 


(Sr°/Ca)bone_,, ; 
(Sr°/Ca) food =0.24. They suggested that this 


retention ratio might be used to predict the skeletal uptake of Sr® by humans, 
through continued consumption of contaminated food. 

Attempts are being made also to determine the over-all Sr® discrimination 
ratio in going from soils to human bone by radioactive tracer studies of the dis- 
crimination factors (DF) that occur at the various steps along the ecological 
chain. 


of the feed the cows consumed and found that 


desert. They found an average 
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The discrimination factor most difficult to establish is the one from soils to 
plants (DF:). It is dependent, among other things, on type of soil, available 
soil calcium, type of plant and perhaps on rainfall, all of which may vary greatly 
with geographic location. Menzel (17) obtained a soil-to-plant discrimination 

(Sr”/Ca) plant A 
factor (Sr™/Ca)soil =0.7, for four widely different soil types using both radio- 
lactive and stable strontium. Larson (18) and Bowen and Dymond (19) have 
obtained comparable values. 

Comar (20) has determined the discrimination factor from plants to milk 


(Sr/Ca) milk 
85 45 ees | 
(DF:) using Sr® and Ca” and found that THreéina planks SraGind planks =0.14, which is in good 


agreement with the value of 0.13 obtained from stable strontium data (16). 
Comar also studied the discrimination factor (DF;) in going from milk to human 
(Sr/Ca) milk 7" 
Experiments by Laszlo (21) on the discrimination factor (DF,) from plants 
(Sr/Ca) bone 
(Sr/Ca) plant 
radioisotope studies in rats conducted by Comar (22) and with stable strontium 
data on rodents (16). 

The over-all ratio (ORbone-so11) in going from soil to human bone via the diet 
may be estimated from the various discrimination factors and the fraction of 
dietary calcium derived from diary products and directly from other sources. 
The Department of Agriculture, on the basis of United States retail sales, has 
estimated that 65 percent of the dietary calcium for all ages comes from dairy 
products and 35 percent from other sources. On this basis, OR= (0.65 DF. X 
DF: X DF;) + (0.35 X DF: X DF:) = (0.65. 0.7 X0.13 x 0.5) + (0.85 x 0.7 x 0.25=0.09. 
The above value is in agreement with the crude estimate made from stable stron- 
tium considerations, and represents a reasonable general average of the values 
derived at a recent Washington Conference on “Deposition and Retention of In- 
gested Sr” in the Skeleton” (23). This Committee reported also that the 
(ORvone-aitet) for a six-month-old child might vary from 0.041 to 0.13, which 
would give an average value for (ORbone-so11) Of 0.06. The above information on 
the over-all discrimination factor against strontium during passage up the eco- 
logical chain from soils to human bone via the diet is Summarized in Figure. 4 
and may be used to estimate the average present and future maximum Sr™ levels 
in bone as a result of weapons tests to date. In so doing, however, it must be 
re-emphasized that these values are for ecological discrimination and apply only 
to discrimination against Sr” in progressing up the life cycle. An ecological dis- 
crimination factor automatically assumes that the calcium and strontium are 
uniformly mixed in soil and are equally available to the depth of the plant 
feeding zone. No allowance is made for direct foliar absorption of Sr”, for 
its dilution with a greater reservoir of available soil calcium through plowing, 
or for the possibility that it may become less available with time through soil 
binding and leaching. Much of the disagreement between the over-all discrimi- 
nation factors reported by Libby (10) and those given above is more apparent 
than real, because of failure to make clear distinction between over-all discrimi- 
nation and over-all ecological discrimination. 


bone following single and multiple feeding and found the radio 


directly to human bone gave a value for =0.25, which agrees with 
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OR* 0.7 X 0.13 X 0.5 = 0.045 
35% DIETARY Co FROM PLANTS 






OR = 0.25 X 070.175 
a) 0 
May ayy 
. (5 Yaly. 
OR BOWE TO SOTL VIA DIET 
(0.85 X (1045) + (0.35 X0J75) = 009 
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Figure 4. Discrimination against strontium with respect to calcium in passing 
up the food cycle from soil to man. 


5, PREDICTED PRESENT AND FUTURE SR™ AVERAGE MAXIMUM LEVELS IN BONE 


Sr* content of the bones of young children at the time of maximum biospheric 
contamination is assumed to be of major concern because children are believed 
to be more sensitive to radiation and their entire skeletons will be formed under 
steady state conditions with the Sr” contamination of the environment. 

From the present and predicted maximum Sr™ surface deposition levels (Table 
II) and the Sr® soil-to-bone discrimination ratios derived in the previous sec- 
tion, present and future average maximum Sr” levels in bone can be predicted. 

Assuming an average of 20 g available Ca/ft* of soil to a depth of 2% in. (2), 
1 me of Sr”/mi’ is equivalent to 1.8 puc/g available calcium. Multiplication of 
the Sr” surface deposition levels in Table II by 1.8 gives the specific activity of 
the available soil calcium, The specific activity of the soil calcium times the 
Sr” discrimination ratio of 0.06 (for six-month-old child) should give the average 
maximum specific activity (in puc/g) of the bone calcium of young children 
under steady state conditions. Multiplication of the specific activity of the 
available soil calcium by the Sr® discrimination ratio of 0.09 should give the 
average maximum specific activity of calcium laid down in the adult skeleton 
through exchange and bone remodeling during the period of environmental con- 
tamination. Present and future average maximum §Sr™ levels in the skeletal 
calcium of young children at equilibrium and in newly formed adult bone 
calculated in the above manner are given in Table IV. As the diet of children 
changes, they may be expected to approach a Sr” equilibrium level comparable 
to the level predicted for newly formed adult bone. 


TABLE IV.—Predicted present and future average maximum Sr” levels in bone 
~_,  i ee ——D 
Predicted sep fall | Predicted maximum, 1975 
195 ! 

















Area 
Children at | New adult | Children at | New adult 
equilibrium ! bone 2 equilibrium ! bone 2 
(unc/g Ca) | (uuc/g Ca) | (uuc/g Ca) (uue/g Ca) 
Midwest: United's tates! oss. cee ete ae ee 2.4 3.6 3.1 4.7 
OOS ANE.tOLL0S IN Sin tind ge) cies or er eel 19 Vey 2. 2.5 3.7 
Rest of world Fa: 2, Se Ie Bho Hod 0.4 0.6 ital 1.6 
Worldiaverage:s 2 eee Oa pees ieee 0.9 1,3 1.6 2.4 


r 1 Assuming steady state conditions, 20 g available soil Ca/ft? of soil to depth of 214 in. and (ORbene-soll) = 
06 


"3 Specifie activity of calcium of new bone formed by exchange plus skeletal remodeling, assuming 
ORpbone-eoil) = 0.09. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1357 


These data suggest a present average maximum equilibrium level of 1.7 puc/g 
Ca in bones of young children and 2.6 pyc/g Ca in newly formed adult bone in 
the world population belt between 60°N and 10°N latitude. Calculation of 
average maximum equilibrium levels in about 1975 from the predicted soil 
levels gives 2.5 and 3.7 wuc/g Ca for young children and adult bone, respectively, 
assuming no more detonations after Operation Redwing in the summer of 1956. 

The data in Table IV are subject to the uncertainties in predicted present 
maximum levels of surface deposition and to the uncertainties involved in the 
derivations of the bone-to-soil discrimination ratios. The greatest uncertainty 
in the values is probably due to their dependence on available soil calcium 
with which the Sr” is mixed.* Available soil calcium may vary within the 
United States from about 1 to 100 g/ft? to a depth of 24% in. The relative Sr® 
uptake would be higher in areas with abnormally low available soil calcium. 
The available calcium with which the Sr” is actually mixed is dependent also 
on the average depth of the feeding zone of all the various types of plants 
responsible for the introduction of calcium into man’s food chain. 

Derivations of the discrimination ratios assume also that average infant 
and “all-age’ diets of the world population are comparable to those of the 
United States and assume Sr™ is in equilibrium in the soil and make no allow- 
ance for the fraction entering the food chain through direct fallout on vegetation. 

Kulp et al. (24) recently reported Sr” analyses of 484 bone samples from 
persons of all ages collected at 17 stations in a worldwide sampling network. 
Most of these samples came from the area between 60°N and 10°N latitude, and 
the majority were collected during 1955 and the spring of 1956. The average 
Sr” value for all ages was 0.12 puc/g Ca. A few results were ten times the 
average and a definite age effect was observed. ‘The bones of young children 
showed Sr® values three to four times the average, which was attributed to the 
greater portion of active bone in children. The average Sr” content of 64 bone 
samples in the 0- to 4-year-age group was reported as 0.31 pyc/g Ca, after 
dividing results from rib samples by 2 and those from vertebra by 4 to obtain an 
average for the total skeleton. This adjustment to obtain a skeletal average was 
predicated on Sr® distribution studies in adult cancer patients given a single 
injection. The data in Table III suggest that adjustment of rib and vertebra 
results to obtain a skeletal average may not be entirely valid for children, in 
which a major portion of the skeletal calcium was laid down during the period 
of Sr® environmental contamination. The adjustment, however, in the case of 
adult bone samples (in which the majority of the Sr” was laid down during a 
contamination period relatively short compared to the age of the individual) 
might be justified. These adjusted values, in the case of adult bone, might be a 
measure of new bone formation by exchange plus skeletal remodeling during the 
period of contamination. On the basis of these data, it should be possible to 
postulate an internally consistent model for Sr® deposition in the skeleton of 
persons of all ages, taking into consideration the rate of increase of environ- 
mental contamination and the rate of calcium deposition by skeletal growth and 
bone remodeling plus exchange as a function of age. Figure 5, derived from 
data given by Mitchell (25), shows the total deposition of skeletal calcium in 
males as a function of age and their rate of skeletal accretion in per cent of 
ealcium deposited per year. This figure also shows the rate of increase in 
integrated Sr” fallout in the Chicago milk-shed area from 1953 through 1957 
and suggests a doubling time of about. one year (8). : ok ae tie 3 

Using the rate of skeletal accretion (Table V, Fig. 5), increase in integrated 
fallout and Kulp’s average Sr” bone values for the various age groups, it should 
be possible to calculate the maximum average equilibrium level of Sr® as of the 
fall of 1955. The specific activity of the calcium in the bones of children should 
depend on the fraction of the skeletal calcium laid down by all mechanisms 
during the period of environmental contamination, and the specific activity of 
the bone calcium of adults should depend on the per cent of skeletal calcium 
equilibrated during the same period by new bone formation through bone re- 
modeling plus exchange. 





* The assumption of 2% in. as the effective depth for Sr™ is subject to great uncertainty. 
Plowing will result in mixing to a depth of about 6 in., and no allowance is made for the 
possibility that some of the Sr® may become unavailable to plants (as is some of the soil 
calcium) and over long periods of time some may be removed from the soil by leaching. 
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TABLE V.—Yearly accretion of skeletal calcium in males 





Calcium Increase Fraction Calcium Increase Fraction 
Age (years) in total per year of equi- Age (years) in total per year of equi- 

skeleton 1 (g) librium skeleton ! (g) librium 

(g) Sr°/Ca (g) 8r/Ca 

ORtEF cert. Fes 285 ss Sera 2, OO GLA Tes Teese 624 85 6. 23 
| RE A cee 100 72 Op 7201 A tose ees oe 715 91 0. 22 
2 eee oe ee 147 47 COU Losesoe cee ee 806 91 0. 21 
Oeste se 179 82 OF 42 || -1622.- 32 _ oe a 894 88 0.19 
date. 3 1 32 201 22 0.290: pis 973 79 0. 16 
if- e eee 219 18 0520 Niel8 2202 2... 1035 62 0.13 
Geleen ee ee 239 20 OSG 3 elo ee 1073 38 0. 09 
VP Leh e to ods} ont Oe 264 26 OIG} 202i sees 1078 5 0. 045 
S225: See 297 83 ©: 18s] }2 Dheahe abs fete 1078 0 0. 019 
EAs te <a 341 44 OS 20.1 22. eek ae 1078 0 6. 006 
fee Se 396 55 | OP ys See ode ber an 1078 0 6. 001 
ei eae Aso age 463 67 OO QStT 24s Fe A 1078 0 0. 000 
) eee eee See 539 73 0. 24 





1 From reference (24), 
3 Assuming 50 percent fetal protection (26). 
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FiegurE 5. Rate of accretion of skeletal calcium in relation to rate of environ- 
mental contamination. 


It is assumed that each yearly increment of skeletal growth will contain Sr® 
at a concentration corresponding to the Sr® build-up in the biosphere for that 
year. For a first approximation, the skeleton will be regarded as a unit and the 
Sr” burden averaged over the entire skeleton. As better data are available, it 
will be profiable to consider the individual bones separately, both in terms of 
their Sr” burden and their radiosensitivity. 

Calculated values for the apparent fraction of equilibrium Sr”/Ca ratio as a 
function of age, based on skeletal growth rate alone and a yearly doubling time 
of the Sr” level, are given in the last column of Table V and are shown by the 
solid curve of Fig. 6. The method of calculation is best explained by an ex- 
ample. For an eight-year-old skeleton (Table V) in 1956 the last 33 g of cal- 
cium contain an equilibrium concentration © of strontium, and thus a total 
amount of strontium equal to 33 times C. The previous year’s deposition of 26 g 
would have been formed with a concentration C/2 of strontium and would con- 
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tribute 13 C. The fifth and fourth years’ growth would incorporate 20 C/4 and 18 
C/8 units of strontium, respectively. The total strontium in the skeleton at age 
eight is, therefore, (83+18+5+2.5) C, or 53 C. (A four-year cut-off is used 
since large-scale testing began in 1952. Actually, the series is converging so 
rapidly that the cut-off has little effect.) If the entire skeleton had been in 
equilibrium with the Sr” level of the environment in the eighth year, it would 
have contained 297 C units of Sr”. The fraction of equilibrium is, therefore, 53 
C/297 C, or 0.18. 

The points in Fig. 6 represent Kulp’s unadjusted values for subjects under 20 
years of age and his adjusted data for adults normalized to the 0- to 4-year age 
group as representing 59 per cent of equilibrium Sr” concentration. 

At age 24 (4 years beyond the age at which skeletal growth stops) these data 
show that about 10 per cent of the skeletal calcium was involved in bone re- 
modeling plus exchange during the period of environmental contamination. The 
data further suggest that the amount of calcium involved decreases with age, 
which is in keeping qualitatively with classic concepts of bone physiology. Ifa 
similar fraction of the skeletal calcium of growing subjects is involved in ex- 
change plus remodeling, then the Sr™ levels in children would be proportionally 
higher than the curve based on skeletal calcium accretion alone. This indeed 
appears to be the case and indicates that the major factors have been considered 
in constructing the model. 

If the fraction of remodeling and exchange for children’s bones is similar to 
that observed for adults, then the accretion curve below age 20 should be raised 
proportionately, to give the over-all apparent fraction of equilibrium Sr”/Ca 
ratio as a function of age (dashed line, Fig. 6). This curve permits the use of 
adequate bone data from any age group to predict the average maximum equi- 
librium Sr” bone level and indicates an average maximum equilibrium level of 
0.9 wuc/g Ca at the end of 1955. 
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Fiaure 6. Apparent fraction of equilibrium Sr®/Ca ratio as a function of age. 


Sr” content of skeletons of stillborns (3) during 1955 averaged about 0.5 
puc/g Ca, which gives an average maximum equilibrium level of 1.0 when the 
placental discrimination factor of 0.5 (26) is considered. Bryant et ai (27) 
in England reported analyses of 28% bone samples from subjects of all ages 
collected about January of 1956. Wight samples from persons ranging from 3 
months to 3% years old (average 114 years) average 0.9 wuc Sr”/g Ca, and 
11 subjects ranging from 20 to 65 vears of age (average 36 years) averaged 
0.07 wuc Sr”/g Ca. after dividing all rib results by 2. The predicted average 
maximum Sr” equilibrium level about January 1956, based on these age groups, 
is 1.0 and 0.9 puc/g, Ca, respectively. 
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Since the Sr® environmental contamination level continued to rise during 
1956, the predicted average maximum Sr” equilibrium level of new bone as of 
the first of 1957 is about 1.8 wuc/g Ca, which agrees quite favorably with the 
value of 1.7 for October 1956 derived from ecological discrimination factors 
(Table IV). Extrapolation to 1975, assuming no more weapons tests, gives a 
maximum average equilibrium level in young children of 2.6 uuc/g Ca. If it is 
assumed that 1.8 puc Sr”/g Ca represents present equilibrium conditions for 
the area between 60° N and 10° N latitude, values for the upper midwestern 
and eastern United States and the rest of the world can be calculated from the 
present and predicted average maximum levels of Sr” surface deposition given 
in Table TI. Results calculated in this way are compared in Table VI with 
young children’s equilibrium values (Table IV) derived from ecological dis- 
crimination factors. 


TABLE VI.—Comparison of average maximum Sr” equilibrium levels in skeletons 
of young children, derived from bone equilibrium and ecological discrimination 
considerations 


Predicted maximum 1957 Predicted maximum 1975 





Area 
Bone data Ecological Bone data Ecological 
(upe/g Ca) data (upe/g Ca) data 
(uue/g Ca) (upc/g Ca) 
pope Midwestern and Eastern United States__ 2.5 2.4 352 3,1 
Neto Igo Ns; Lauitude eee 1.8 127 2.6 2.5 
Sast off world zi Se eee ree ew ee ro 0.4 0.4 1.1 1.1 
W orld’average 26 tte ee eee 0.9 0.9 1.7 1.6- 


These data show good agreement between the two methods of estimation. 

Other observers have estimated average maximum Sr® equilibrium levels in 
bone usually by methods that involved surface deposition levels and various 
ecological discrimination factors. 

Libby first estimated the maximum equilibrium level in the United States and 
Europe in about 1970 at about 11 pwuc/g Ca (2). This estimate was based on 
the assumption that bone calcium would reach a Sr”. level approximately 70 
per cent of that of available soil calcium. He later estimated a maximum 
average in the 1970’s of 4 to 10 uuc/g Ca (8) on the basis that calcium of bone 
would come into equilibrium at 10 per cent of the Sr® content of available soil 
calcium. More recently he has estimated the average maximum bone equilibrium 
level in the spring of 1957 at 1.7 to 3.9 uue Sr”/g Ca. The latter estimate was 
based on an over-all discrimination ratio of 43 to 149 for surface deposition levels 
of 25 mc Sr”/mi* between 10°N and 60°N latitude. Because. of the rate of 
decay of Sr”, he concluded that the equilibrium bone concentration would be 
very little higher in the 1970’s when the maximum soil contamination level is 
reached. 

Kulp (24) estimated the world-wide average maximum equilibrium Sr” bone 
level at 0.6 uuc/g Ca.in the fall of 1955 and at 1.3 uuc/g Ca in about 1970, as- 
suming no more weapons tests after the 1956 series. His estimates for the United 
States bone value were 0.9 uwuc/g Ca for the fall of 1955 and about 2uuc/g Ca 
by 1970. All estimates were based on Sr” surface deposition levels and ecological 
discrimination factors. 

Kisenbud (4) made an estimate of the maximum average bone level on the 
assumption that bone calcium would come into equilibrium with the Sr” in cal- 
cium from milk. In the summer of 1955, New York milk contained 2.5 MuC 
Sr”/g Ca, corresponding to a surface deposition level in the area of 6.5 mc/mi’. 
Since he expected a maximum surface deposition in this area of about 21.5 
mc/mi’ in about 1970. when the stratospheric inventory of Sr” is deposited, he 
estimated an average maximum bone level of 8.3 uwuc/g Ca. Admittedly, his 
estimate was pessimistic in that it ignored the possibility of transient high 
Sr” values in milk resulting from cows eating fresh fallout on the surface of 
plants and assumed no discrimination between strontium and calcium in going 
from milk to bone, Introduction of the milk-to-bone discrimination factor of 
0.5 lowers his estimate to 4.1 puc/g Ca. 

Sr” data on milk samples might be used to give a general estimate of the 
average maximum equilibrium level in bone, Chicago (2), United Kingdom 
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(27), New York (4), and Turkish milk (2) samples during the fall of 1955 and 
spring of 1956 averaged about 2.5uuc Sr”/g Ca. Ignoring all factors other than 
the discrimination factor (DF;) of 0.5 in going from milk to bone and the one- 
year doubling rate for environmental contamination, the average maximum Sr” 
equilibrium bone level in the fall of 1956 would be 2.5) BuC/E Ca. Extrapolated to 
1975, the value would be 3.5 wuc/g Ca. 

The various estimates of average maximum Sr™ equilibrium levels show a 
trend toward general agreement with those based on the most recent available 
bone. data and the latest opinions regarding ecological discrimination factors 
(Table VI). 

The most troublesome feature of the above considerations is that all values 
are average Maximum equilibrium levels of Sr” and make no allowance for 
local concentrations of fallout due to meteorological factors, variations in avail- 
able soil calcium, dietary patterns and habits, nutritional state of segments of 
the population, etc. Frequency distribution patterns have been reported for 
stable strontium (11), natural radium (28) and Cs™ (7) in'‘man. All these 
nuclides show essentially normal distributions with standard deviations of about 
85 per cent, which suggests that the range (+ 3c) of Sr” equilibrium bone levels 
as of the first of 1957 (based on an average of 1.8 uwuc/g Ca) should lie between 
about 0.3 and 4 wuc/g Ca. - 

On the basis of the ahove distribution patterns, Libby (10) has stated (at 
steady state among people living in a given locality) only one person in about 
700 will have more than twice the average Sr” burden, and the chances of any- 
one having as much as three times the average will be about one in 20 million. 
Presently the Sr” measurements of bone samples from subjects of all ages show 
a much greater scatter than indicated by a standard deviation of 35 percent. 
The greater scatter of the observed values is due largely to the fact that samples 
came from many localities and (because of the relatively short period of environ- 
mental. contamination and the age dependence of Sr” deposition) represent 
varying degrees of equilibrium conditions. As stated by Libby, the spread may 
be expected to decrease as equilibrium is approached, and a study of the dis- 
tribution of all bone data when normalized to equilibrium according to the upper 
curve of Fig. 6 is underway. 

Local meteorological conditions will result in increased intensity of fallout in 
certain localities. The worst possible situation that could come about would 
be for these “hot spots” to coincide with localities of low available soil calcium 
in which the population grew up and lived in provincial isolation. Libby (10) 
has considered this problem in view of the averaging which occurs in food dis- 
tribution systems and has postulated that a factor of 5 encompasses the total 
variation due to all factors, including soil calcium deficiencies. 


6. SIGNIFICANCE OF SR” LEVELS IN THE POPULATION 


A. Basis of Maximum Permissible Levels of Radiation 


Consideration of the basis of maximum permissible levels of radiation is essen- 
tial to the evaluation of the potential hazard of Sr” contamination to the gen- 
eral population. Human experience through diagnostic and therapeutic use of 
X and gamma rays and extensive animal experimentation with all types of 
radiation have demonstrated conclusively the production of deleterious biological 
effects. These effects are manifest as early physiologic aging resulting in life 
shortening, mutations, irregularities in hematopoietic function (some of which 
result in increased incidence of leukemia), and specific organ or tissue changes 
such as cataracts of the lens of the eye and tumors of bone. 

Damage from ionizing radiations may occur from radioactive isotopes depos- 
ited in the tissues and organs, as well as from radiations originating from an 
external source. 

Occupational Exposure.—Maximum permissible levels for most radioisotopes 
as applied to occupational exposure are calculated on the premise that no critical 
organ or tissue will receive an average dose rate greater than 300 mrem per week 
(the maximum permissible dose rate for external whole body radiation), assum- 
ing uniform distribution of the isotope throughout the tissue or organ. It is rec- 
ognized that calculations based on average dose or uniform distribution in a 
critical organ or tissue may lead to considerable error, since some radioisotopes 
are unevenly deposited. Although the average dose rate to a critical organ may 
be 300 mrem per week, some portions of the organ may receive considerably less 
than the average and others correspondingly more. This error, however, is be- 
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lieved to be offset at least in part by the fact that 800 mrem is considered the 
acceptable weekly exposure to the entire body or the blood-forming organs, and 
therefore may be overly conservative when applied to a small element of tissue. 

The maximum permissible levels of radionuclides that localize in bone (i. e., 
Sr-90) are determined by direct comparison with the 0.1 we maximum permis- 
sible burden for radium. Limited human experience has indicated conclusively 
that small amounts of radium fixed in the skeleton will produce osteoporosis, 
necrosis, and sarcoma (29). Bone changes in radium dial painters and persons 
who received radium therapeutically provide the basis for the value of 0.1 yc. 
The maximum permissible levels of other bone-seeking radioisotopes are estab- 
lished on the premise that the amount fixed in the bone will not result in greater 
probability of biological effect than that produced by 0.1 ue of fixed radium. 

Derivations of formulae for the caleulation of maximum permissible levels, 
their parameters and pertinent information on individual nuclides are given in 
the Handbooks of the International (8) and the National (30) Commissions 
on Radiological Protection. These handbooks provide the only official sources 
of maximum permissible levels for the various radionuclides from the stand- 
point of internal absorbed dose. All values presently published in the hand- 
books refer to continuous occupational exposure. 

Nonoccupational Exposure.—Maximum permissible levels for nonoccupational 
exposure or exposure of a large segment of the general population were estab- 
lished by taking arbitrarily one-tenth of the value for working personnel (8, 30, 
81). 

The rationale behind a lower value for the general population is based on the 
numbers involved in the two groups at risk and the increased heterogeneity of 
the general population over that of the select working group. The latter group 
is composed of supposedly healthy workers (over 20 years of age), while the 
general population group may contain children, pregnant women, the undernour- 
ished, the sick and the old. On the assumption that frequency of response to 
radiation stress follows a Gaussian distribution (Fig. 7), the probability of in- 
jury of a few individuals from a specified dose increases with increase in size 
and heterogeneity of the group at risk. 


FREQUENCY OF INJURY (RELATIVE) 


DOSE (RELATIVE) 


Fic. 7.—Effect of increased heterogeneity of the population on Gaussian distri- 
bution of frequency of injury as a function of dose. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1363 


The maximum permissible level of Sr” for workers is set at 1 ue in the total 
adult skeleton, and the recommended level for the general population is set 
at 0.1 uc* (9, 32, 33). The permissible levels of radiation exposure (including 
that from Sr”) ‘is predicated on the assumption that chronic and/or delayed 
effects of radiation are threshold phenomena (Fig. 8). That is to say, there 
is a threshold dose below which effect rapidly becomes insignificant and above 
which effect increases expenentially over a limited dose range. If this is in- 
deed the case, 100 uuc Sr”’/g Ca must be looked upon as a true maximum per- 
missible level and not an average value for the general population. 


100 


THRESHOLD 
50 


EFFECT ( PER CENT) 


NON-THRESHOLD 





0 
DOSE ( RELATIVE UNITS) 


Figure 8.—Threshold versus nonthreshold effect in relation to increasing 
radiation dose. 


Threshold versus Nonthreshold .Response—At the present time it is im- 
possible to say whether leukemogenic and sarcogenic responses to chronic ra- 
diation dosage are threshold or nonthreshold relationships. Argument for a 
linear relationship between incidence of leukemia and rddiation dose was pre- 
sented recently by Lewis (34). His argument was based on all major sources 
of human data and included a consideration of the Japanese atomic bomb sur- 
vivors, the British cases of X-ray treated spondylitis patients, X-ray treated 
cases. of thymic enlargement, practicing radiologists and spontaneous incidence 
of leukemia in Brooklyn, New ‘York. Radiation as a carcinogenic agent has 
been discussed at length by Brues (35), who stated that the relation between 
radiation dose and carcinogenie effect is not easy to find and a critical experi- 
ment has yet to be done which will clearly indicate, even in a single instance, 
what the relation is over more than a small range of dosages. ‘While ad- 
mitting that it is not known, he proposes that a threshold relationship between 
radiation dose and tumor incidence does exist (36). 

Genetic response to external radiation indeed appears to be linear and a given 
increment of dose produces a corresponding equal increment of effect, regardless 
of position on the dosage scale (Fig. 8). If it is assumed that all chronic effects 
of radiation are linear, it would seem more reasonable to establish permissible 
levels for the general population on the basis of probability of risk averaged over 
the entire group. Present incidence of bone sarcoma and of leukemia averaged 
over the entire population is about 2 and 6 per 100,000, respectively. About 10 
percent of the natural incidence of leukemia (34) (and perhaps of bone sarcoma) 
may be attributable to natural radiation background. If this is true, doubling 
the natural background dose to the bone might be expected to increase the inci- 





‘There is about 1 kg of calcium in the adult human skeleton; therefore, the MPL of 
Sr® in the general population is equivalent to 0.1 uc Sr/kg Ca=100 mue/kg Ca=100 
uuc/g Ca=100 Sunshine Units (2). 
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dences of bone tumors and leukemia to 2.2 and 6.6 per 100,000, respectively. Such 
a small increase distributed through the general population may be undetectable, 
and 100uuce Sr” /g Ca (which would about double the background skeletal dose) 
may be regarded by some as an acceptable average maximum equilibrium for 
the general population. 


B. Hazard from Present and Predicted Sr” Levels 


The significance of the general hazard of present and predicted levels of Sr® 
in bone can be evaluated only in relation to human experience, which is indeed 
inadequate. Bone sarcoma has resulted from a fixed skeletal burden of 3.6 ue 
of pure Ra™, and nondeleterious bone changes have been observed in persons 
having only 0.4 we for a period of 25 years (87). Necrosis and tumors of the 
bone have occurred also several years after large doses of X-ray (38), and 
consideration of human experience with leukemogenic effects of X and gamma 
radiation (9, 34, 39) suggests that about 80 rads may double the incidence of 
leukemia. 

The only other human experience with which present and predicted levels of 
Sr” may be compared is that arising from natural background radiation. Nat- 
ural background dose to the bone (during a 70-year lifetime) may vary from 
about 8 to 388 rem (40). The major contribution to background variation is 
differences in the radium levels of soils and minerals. The average natural 
skeletal radiation dose rate was carefully evaluated by Dudley and Evans (41) 
and their data are shown in Table VII. 


TABLE VII.—Average natural background radiation dose rate to the skeleton 
(Dudley, Evans) 





Skeletal Total dose 


Source of radiation dose rate to age 70 
(mrem/year) (rem) 

BG OELGS ah) 2 1021 ee ae, Ruan i ed Sa ie SAE IPA A, sila lee 8 0. 56 
Res: (internal). etcet SEC toot torch selene 12 0. 84 
MsTh: (internal) .c20 ¢ eke ose ee ee ee le 12 0. 84 
RaD- (internal). ..- is Sie 8 ee eae. oe eee 12 0. 84 
Cosmic'rays: (external) 22 S276 2 ee ee ee ee ee 30 pra 
Local gamina rays -texternal)as<, sis eee ee eee ee 60 4.2 

Total seit eee es eee Cee eee. See eee nee eee ee ee 134 9.4 





Table VIII (after Brues (42)) gives a general summary of estimated skeletal 
radiation doses from accepted maximum permissible levels and from present 
and predicted Sr” burdens in relation to human experience. The maximum 
permissible level of Sr® (100 puc/g Ca) is estimated to deliver about 8 rads°* to 
the skeleton during a 70-year life-time. This is comparable to the average natural . 
background dose to the bone for the same time period and a factor of ~4 below 
the maximum natural background dose to which small segments of the general 
population may be exposed as a result of differences in altitude and natural 
radium content of soils and minerals. It is a factor of 40 below the lowest 
skeletal dose which has produced minimal -nondeleterious bone changes. ‘These 
data suggest that the present average maximum Sr® equilibrium level in children 
will result in a life-time radiation dose of approximately 2 per cent of the accepted 
maximum permissible level for the general population. The predicted average 
maximum level of Sr® (from bone data) in about 1975, assuming no further 
weapons tests, corresponds to a skeletal radiation dose of about 2.6 per cent 
of the maximum permissible level with a spread (+380) of about 0.5 to 6 per cent. 

The biological significance of present and predicted Sr” average maximum 
equilibrium levels and maximum permissible levels for occupational and non- 
occupational exposure is Summarized in Table IX. : 


5 Hight rads is the calculated dose assuming incorporation to age 20 and decay to age 70 
with no more incorporation. If equilibrium were maintained, the calculated skeletal dose 
would be about 21 rads. Since some but not all of the skeleton undergoes remodeling plus 
exchange, somewhere between 8 and 21 rads is probably more correct. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1365 


HUMAN EXPERIENCE 7 ////7/ 
SOURCE AND CONDITION OF RADIATION {7/777 OBSERVATIONS ///////// 
— UY, « V17 4 Yy Yi Z 













EST. SKEL. 
DOSE (rads) 
10,000 











Os 


X-RAY (THERAPY) BONE SARCOMA -_ Yj 
3.6 uc Ro°-%s oo -_ 


Y 

Yj Wy 

[MINIMAL NONDELETERIOUS T3 CHANCES 
[LEUKEMIA DOUBLING / Yj yy yj 
WEA MO Z 

4 

Uy jy fy YY 











































YY Yj 
26 ype $°% CoM (AVE. EQ. LEVEL 1975) 7 J 
iffy 


LSppe Sr°%q Co" (AVE, EQ. LEVEL 1957) // 


Yyyy 















* FIXED IN BONE~25 YEARS 
« « CONSTANT FOR 20 YEARS, DECAYING WITH 28 YEAR 
HALF-LIFE TO AGE 70 


TaBLe [X.—Biological significance of present and predicted Sr” average mazi- 
mum equilibrium levels and maximum permissible levels for occupational and 
nonoccupational exposure 


MPL MPL 
nonoccupa-| occupa- | Minimum | Minimum } Leukemia 
Sr° level tional ex- | tional ex- bone sarcoma doubling 
posure posure changes dose dose 
(100 pu ¢/g) | (1,000un ¢/g) 
Present, (1.8 yy-C/g,Ca)t.- 5. nace ceeneee- Yo Y600 4,000 %0,000 Y60o. - 
Predicted (2.6 pu e/g Ca)!2_ 22 -- 2-2. Yo Yoo 400 {4,000 60 
100: nn ¢/g (MPL nonoccupational expo- 
cure h le eg ES TE YS ies ee aT Oa Seer 2 ee ee ae ee ee Yo Yo Yoo Yo 
1,000 uz e/g (MPL occupational exposure) ._ pS Pag a Sag ry 4 M49 F 


1 Average maximum equilibrium level of Sr, probability slight that many will run more than 8 times 
average. 


The most interesting comparison made in Table IX is that between Sr™ levels 
and the leukemia doubling dose, assuming a nonthreshold relation between inci- 
dence and radiation exposure. These data indicate that the predicted average 
maximum equilibrium level of Sr”, assuming no more weapons tests after 
Operation Redwing (Fall 1956), is 44g9 of the leukemia doubling dose. Theoreti-. . 
cally, this level is equivalent to an increase in leukemia incidence of 1.7 cases per 
10 million population. The rate in some localized areas may be several times 
higher, but averaged over the world population of 2.6 billion, this would produce 
an increased lukemia burden of about 400 cases per year. If the entire world 
population is allowed to reach an average maximum Sr™ equilibrium level of 100 
uuc/g Ca, the average increase in world’s leukemia burden would be about 16,000 ° 
cases per year, or about 5 to 10 per cent (34). 

The above discussion entails the assumption that Sr” beta radiation induces 
leukemia of the bone marrow origin at the same rate (per unit-of absorbed dose) 
as X and gamma rays. Much of the beta radiation from Sr” will be absorbed in 
the bone and not reach the hematopoietic tissues at all. Experiments by Brues 
et al (43) suggest that Sr® (half-life 55 days, EB=1.5 Mev.) administered to mice 
is relatively more spectacular as an osteosarcogenic agent than a leukemogenic 
agent. Furthermore, leukemia was not a significant finding in the radium dial 
painters (29, 44) or in the radium-injection cases (37). 

Human data on radiation-induced osteogenic sarcoma are not adequate to pro- 
vide a basis for a sarcoma doubling dose or for an estimation of the per cent 
of normal incidence attributable to natural background. If, however, the same 
assumptions used for leukemia are applied to osteogenic sarcoma (nonthreshold 
response, 10 per cent of normal incidence of 2 per 100,000 attributable to natural 
background and a doubling dose of 80 rads), the predicted average maximum Sr” 
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equilibrium level from weapons already tested would produce an increase in the 
world’s burden of osteogenic sarcoma of about 150 cases per year. If the world 
population is allowed to reach an average maximum Sr” equilibrium level of 
100 puc/g Ca, the bone tumor incidence would be increased by about 5,000 cases. 

It should be re-emphasized that the above considerations are extremely tenuous 
and are based on the questionable assumption that the incidence of leukemia and 
bona sarcoma bear a linear relationship to radiation dose. 


7, SR” LEVELS IN RELATION TO WEAPONS TESTING 


Little data are available which permit correlation of present levels of Sr® 
contamination with actual megatons of weapons tested. Total of all weap- 
ons tested to date would be of little value without additional information on 
the fraction derived from fission and on conditions of firing which influence 
relative amounts of fission products deposited as local, tropospheric and stratos- 
pheric fallout. Thermonuclear yield per se does not produce Sr”; it does con- 
tribute, however, to the energy required to carry the fission products into the 
stratosphere and thereby effect world-wide distribution. Libby (2, 3, 10) has 
provided estimates of the megaton equivalents of fission products that have been 
injected into the stratosphere and deposited over various regions of the earth. 
Based on these values, Kulp (24) estimated that present levels (Fall 1956) of 
environmental contamination (including the stratospheric reservoir) was the 
result of injection of products from about 50 MT of fission yield. 

By simple proportionality he estimated biospheric injection of Sr” from 35,000 
MT of fission would bring the average maximum Sr® equilibrium bone level of 
the world’s population up to 100 nuc/g Ca (the MPL for occupational exposure). 
He used 1.3 pue Sr”/g CA as the average maximum equilibrium level for the 
world population in 1970, assuming no more weapons tests. Kulp did not say 
that the average maximum level of the world population should be allowed to 
reach 1000 pyc Sr”/g Ca,° but apparently tried to show the relation between 
megatons of fission tested to date and a MPL familiar to all (45). Libby (2, 3) 
also has used the occupational MPL as a reference point in discussing the hazard 
to the world population. This practice has led to confusion of the public and 
criticism of the Atomic Energy Commission (46). The data in Table X (based 
on various estimates of 1970 equilibrium bone levels) show the estimated megaton 
equivalents fission yield that may be injected into the biosphere (all at once): 
to bring the Sr” average maximum equilibrium bone values in the United States, 
the northern hemispheric fallout belt and the world up to the limits set for 
occupational and nonoccupational exposure. The table also shows the influence 
of various factors for nonuniformity of distribution and uptake on the estimates 
for the northern hemispheric fallout belt (in which the majority of the world’s 
population is distributed) based on the average maximum level derived from 
bone data. These data are presented primarily to emphasize the principal areas 
of uncertainty responsible for apparent disagreements among various 
authorities. 


6The Sr maximum permissible level accepted by the National and International Com- 
missions on Radiological Protection as being applicable to large segments of the population 
is equivalent to 100 wuc/g Ca. 
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TABLE X.—Sr” levels in relation to megaton equivalents of fission products 
injected into the biosphere 
A Re ARE ee a ae OP SEE ED 


earl MT required to produce 

equliloriu 

Source of equilibrium estimate and area be 1970-75 fa average MPL 
(upc Sr%/g Ca) 


(1,000 pue/g Ca)) (100 uuc/g Ca) 





United States (average): 


Libby. (10), Ecological data..............---..--....-- 1, 7-3. Hl; 3 
Kulp (24), Ecological data...-.-.-.-.-.-.-.-...-...... : 2 oh (a aaa oon 2 500 
This report, Ecological data......-.....------------__- 3.1 16, 000 1, 600 
This report, Bone data..........--.-.-.------------..- 3.2 16, 000 1, 600 
Fisenbud (4) 1, Milk aaa Ce TO ea 4.1 12; 000 1, 200 
This report, Milk nO ee A sina ane eae oe 3.5 14, 000 1; 400 
Area 10° N. to 60° N. latitude (average): ( 
This report, Ecological data_....-...-..--L.-22.2__-__- vas, 20, 000 2, 000 
EMismeport, Bonedatat esis A oes 2.6 20, 000 2, 000 
World (average): 
POA) COOP ICR Oa ta soon eo ek oo 1.3 38, 000 3, 800 
This report, Honeldstah). 3 five -singel spa 1.7 30, 000 3, 000 
THisweport, ecological data! ss: 50:2 G25 42.2.0 s Ll: 1.6 80, 000 3, 000 
Ave. bone data (10° N. to 60° N. latitude)...--.--_---____- 2.6 20, 000 2, 000 
AVO.1 & Gor nonimniformity (10) sae fot 8 eNO sea 4, 000 400 
AVGl x ve (or notitniformity) 2iicto bors Tec ieole | ce b ee 2, 000 200 





1 Eisenbud’s value corrected for discrimination factor of 0.5. 
2 Indicated by spread in current bone data from all ages (24). 


Inspection of the data in Table X shows a variation of about 800 in the 
megaton equivalents of fission products that may be injected into the biosphere, 
depending on whether one wishes to be ultraconservative and use the highest 
equilibrium bone value, the nonoccupational MPL and the largest safety factor for 
nonuniformity, or use the occupational MPL applied to the world average maxi- 
mum bone level with no safety factor for nonuniformity. The most important 
point to these data is that they show that the major portion of the variaion is 
associated with two factors, (1) the maximum permissible level for Sr” 
applied to the fallout problem, and (2) the factor for nonuniformity of Sr” 
distribution and uptake, 

The most important question regarding the potential hazard of world-wide 
fallout to the general population is its relation to future weapons testing. If 
there is an upper limit to the amount of Sr” that can be tolerated in the bones 
of the population, then the number of megaton equivalents of fission products 
that can be contributed per year to the biosphere by all nations must be limited. 

Theoretically, the total yearly injection rate should be that amount which, at 
equilibrium, will not result in a significant fraction of the population exceeding 
the limit of safety. If a constant yearly injection rate of 1, 10 or 100 MT of 
fission is adhered to, in about 100 years the amount of Sr” added to the environ- 
_ ment will come into equilibrium with the rate of Sr” decay, and continuation of 
weapons testing at that rate will result in no further increase in the average 
maximum equilibrium level in the bones of the population. At that time the 
average equilibrium bone level will be directly proportional to the yearly injection 
rate, i. e., if 10 or 100 megaton equivalents are injected per year, the average 
equilibrium bone level will be 10 and 100 times higher, respectively, than it will 
be if only 1 megaton equivalent is injected. 

Only three unclassified reports concerning implications of future biospheric 
fission product injection rates have appeared. Campbell (5) mathematically 
related surface deposition to a constant stratospheric injection rate. His 
equation suggests Sr” surface deposition levels may reach 30 times present 
values with continuation of the present rate of biospheric contamination for 
100 years. His approach, however, makes no allowance for the tropospheric 
deposition rate. Libby (49) has developed an expression relating Sr” surface 
deposition to a constant test rate, using a calculated ratio of rates of strato- 
. 8pheric to tropospheric injection of 4 to 7. Libby’s calculation is based on a 
measured value of 30 me Sr”/mi? for the present cumulated fallout in the north- 
eastern United States (one of the more highly contaminated spots in the world). 
and the assumption that the stratospheric reservoir presently contains the Sr® 
from 24 MT of fision. Libby first estimated that the maximum equilibrium 

Sr” deposition level should approach 8 times the present level (10). On re- 
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calculation of the ratio he obtained a value of 11 (49).7. Using a build-up factor 
of 8 and assuming an ecological discrimination factor of 20 to 80 against Sr” 
in going from soil to human bone, he estimated an average maximum bone equi- 
librium level of 5 to 20 puc Sr”/g Ca for the population of the United States when 
equilibrium is reached. If the present rate is continued for 28 years, the av- 
erage maximum level would reach only one-half of the above values (10). The 
general consensus of opinion (23) of the various specialists in the field of bone 
and mineral metabolism is that the discrimination factors used above are too 
high and that a factor of 10 to 20 is more realistic. 

Stewart, Crooks and Fisher (48) estimated the concentration of Sr” on the 
ground in the United Kingdom as 4.5 mc/km’ on January 1, 1956, and the mean 
deposition rate as 2.8 mc/km’/year. From these data the ground concentration 
in the U. K. as of January 1, 1957, would be about 17 mc/mi’. They also esti- 
mated that an equilibrium value of about 500 mc/mi’ (200 mc/km’) of Sr” may 
be reached in the U. K. in about 100 years if the present rate of biospheric 
contamination is continued. These data show a build-up factor of about 30 
over present levels. 

Predicted average maximum Sr” bone levels, assuming continuation of the 
present biospherie contamination rate for about 100 years, are given in Table XI. 
These values were calculated from present (Fall 1956) bone equilibrium levels 
derived either from analyses or from ecological considerations assuming an eco- . 
logical discrimination factor of 10 against Sr” and Libby’s (49) build-up factor 
of 11 for continued testing. The one British value mentioned above is given 
for comparison. 


Taste XI.—Average maximum Sr bone equilibrium levels assuming continua- 
tion of past 5-year injection rate for 100 years 
ck I AC SSR PET LS IP RIS a eA i ee 


Average maximum equi- 
librium bone level 


Basis of estimate and area 


Fall 1956 | In 100 year! 
(uue/g Ca) (upe/g Ca) 


—_—— 


United States: 
Libby (10), ecological data..........------------------+-----+<----<------ 1, 7-3.9 219-43 
Kulp (24), ecologieal data_..........-.------------------------------+---- 1,4 15, 
This report, ecological datas.........--------------+--------------------- 3.6 
This report, bone data__....-....c--.---.------------------------=------ 2:5 
This report, milk data-..2.£. 2. ~~ 8-3 so feo oe oe aa sseete- 2 nese - na - 2.5 28 
isenbud milk. data iy) 328 See ees ssh cee ae ee a 4.1 45 

Area 60° N. to 10° N. latitude: 

This report, ecological data-_..----.--.---------------------------------- 2.6 29 
Thiseport, DONG Gatar.c- 2-24 so- noe oo tee wo ec es beeen ean eee a 2 


Stewart, et al. (48), present soil data United Kingdom 3___-_.---.-------- 
Stewart, et al. (48), United Kingdom soil in 100 years_---.------------=--|-------------- 490 
World average: 
This report, ecological data..--222.-- 2-25-20 222 cise one ean 
Thisreporiswone: datas ss eel saree ee ae eee. Penne e nam 
Kulp (24), ecological data (1970)...-...---------------------------------- 1. 14 
a A Pets ee ee Ree Pa at ea SNe a es aE Sl LR Nh 
1 Based on, or 5MT of fission yield per year assuming testing for infinite time, an equilibrium level, 
with continued testing, of 11 times the present level. 
3 Libby’s estimate (10) was 5 to 20 wyc/g Ca. 
3 Assuming an ecological discrimination factor of 10 against Sr. 
4 This value corresponds to a buildup factor of about 30. 


The discrepancy between the British value and the others is immediately 
apparent. No details as to the basis of their estimate were given but it is possi- 
ple that no consideration was given to the ratio of rates of stratospheric and 
tropospheric injection, since it compares favorably with the value that would 
be predicted from the derivations made by Campbell (5). 

The data in Table XI (excluding the British value) suggest that, continued 
biospheric contamination at the present rate for 100 years might result in average 
maximum equilibrium bone levels of about 30, 25 and 12 ywuc Sr”/g Ca for the 
United States, the area between 60°N-10°N latitude and the world, respectively.® 





TR. K. Zeigler of LASL Theoretical Division has confirmed the calculation using Libby’s 


assumptions. 
8If Machta's concept of uneven stratospheric fallout is indeed the case, the average 


Sr 90 values for the United States and the area between 60° N-10° N latitude may be 
increased by about a faetor of 2. 
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The upper limit that might be expected in the United States, assuming a factor of 
5 as adequate to make allowances for non-homogeneities of Sr” deposition and 
uptake, would approach about 150uye Sr”’/g Ca, or 150 percent of the accepted 
maximum permissible level. After 30 years of testing, average maximum equi- 
librium bone levels may approach one-half of the above values, which may result 
in an upper limit for the United States of about 15 percent of the maximum 
allowable level. Assuming the average yearly injection of fission products 
during the past five years equal to about 10MT of fission yield, it would seem that 
the testing of 10MT of fission per year by all nations for 30 years should probably 
be considered the upper limit, or 5MT of fission yield per year assuming testing 
for infinite time. If these are the limits of acceptable injection rate, international 
agreement not to exceed these levels seems desirable. Present levels of Sr” 
contamination are due almost entirely to tests held by only two nations. Present - 
and predicted future Sr” levels, even if weapons tests are continued at the present 
rate for a few years, does not seem dangerous. However, indiscriminate testing 
of high-fission yield weapons by many nations. could result in serious levels of 
worldwide contamination. 


SUMMARY 


What does the accompanying mass of technical data mean with regard to the 

controversy over cessation or continuation of nuclear weapons tests? Nowhere 
in this report has a recommendation been made either to stop or to continue 
testing. Such a recommendation requires a careful weighing of the importance 
of the nation’s nuclear weapons capability in averting a nuclear war, against 
.the probability that a few people might get leukemia or bone sarcoma or mani- 
fest a genetic abnormality who otherwise might not have done so. Therefore, 
the decision to stop or continue tests requires a value judgment involving knowl- 
edge of the potential seriousness of present and future threats to the national 
security, and whether they should or should no be stopped on the basis of moral 
and humanitarian principles is not readily amenable to solution by the scientific 
method. 

The purpose of this report is to evaluate, as factually as possible from existing 
data, the potential hazard of Sr® fallout. Evaluation of existing data supports 
the following general conclusions: 

(1) Radioactive isotopes deposited in the bone in sufficient quantity will 
produce serious consequences, including bone cancer and leukemia. Present 
Sr” levels in the bones of the population are quite low. The present average 
maximum equilibrium Sr” radiation dose to the bones of young children is 
greater than that for adults and is about 2 per cent of the average dose received 
from unavoidable natural background radiation contributed by cosmic rays 
and by radium, thorium, uranium, etc., in the environment. It is about 2 per 
cent of the maximum permissible level adopted by the National and International 
Commissions on Radiological Protection as acceptable for large segments of 
the general population. The present Sr” radiation dose to adults, averaged 
over the total skeleton, is about one-tenth of that to children. Because of non- 
uniformity of fallout and individual variations in uptake and deposition of 
Sr” in bone, a very small number of people may accumulate a skeletal dose that 
will be about five times the average, and an equal number. will accu- 
mulate only about one-fifth the average. Since in the stratosphere there is still 
some Sr” from past weapons tests, the average radiation dose may continue to’ 
rise until about 1975 even if no more weapons tests are held. At that time the 
equilibrium level may be 3 to 4 per cent of the average natural background. 

(2) If Sr® contamination from weapons testing by all nations continues at 
the same rate as has occurred during the past five years (about 10 megaton 
equivalents of TNT fission yield per year), equilibrium will be reached in about 
100 years. At equilibrium the amount of Sr® which will disappear each year 
from our environment due to radioactive decay will just about equal the amount 
that is being produced each year. At this time continuing weapons tests will 
not result in any further increase in Sr” in the bones of the population. Assum- 
ing a buildup factor of 11 for equilibrium levels, the average Sr” radiation dose 
to the bones of the population of the United States is predicted to be about 30 per- 
cent of the average radiation dose from natural background, or about 30 percent 
of the maximum permissible level adopted by the National and International Com- 
missions. Since a factor of 5 may be necessary to allow for nonuniformities in 
fallout and bone uptake, the Sr” radiation dose to a few individuals may approach 
150 per cent of the recommended maximum level as an upper limit. If strato- 
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spheric fallout is not as uniform as predicted by the Libby model, the above 
values may be somewhat higher. Thirty years of testing will result in an average 
Sr® level of about one-half of the equilibrium value, which may result in a few 
people approaching 75 percent of the recommended maximum permissible radia- 
tion dose. On this basis, limitation of biospheric contamination by all nations 
to about 10 megaton equivalents of fission yield per year for 80 years, or 5 mega- 
ton equivalents per year, indefinitely, might be desirable. 

(3) The existing data support the conclusion that the present rate of biospheric 
Sr” contamination, if continued for 20 to 30 years, will not produce average 
maximum population bone levels that will exceed the maximum permissible 
levels accepted by the National and International Commissions on Radiological 
Protection. The data also show that many nations cannot test high fission 
yield weapons indiscriminately and indefinitely without running the risk of 
seriously exceeding these recommended levels. For this reason, international 
agreement to limit testing might be desirable while negotiating for agreement 
to stop testing altogether. 

(4) The data presently available definitely show that the greatest question 
concerning world-wide Sr” contamination concerns the decision as to the 
ACCEPTABLE maximum permissible body dose for the general population in 
terms of the individual and in terms of world health. The answer to this ques- 
tion involves moral and humanitarian principles, as well as scientific uncertainties 
as to the biological consequences. 

Some deductions as to the worst biological consequences of Sr® fallout (which 
excludes the genetics question) can be made by accepting two rather pessimistic 
assumptions, neither of which has been proved, but both of which seem conserva- 
tive. The natural yearly incidence of leukemia in the United States is about six 
cases per 100,000 population, and the incidence of bone tumors is about two 
cases per 100,000. Therefore, normally there are about 10,000 cases of leukemia 
in the United States per year and about 3,000 cases of bone tumors. This was 
the natural incidence even before any radioactive fallout had occurred; so atomic 
bombs have had nothing to do with it. The first assumption is that any amount 
of radiation has a small chance of producing tumors and leukemia. That is, the 
assumption is made that there is no absolutely safe radiation dose and any 
amount is theoretically bad. This assumption is open to serious question and is 
one of the major points of disagreement among scientists. If all radiation is 
bad, the natural background radiation which we cannot avoid must be responsible 
for a fraction of the six leukemia cases and the two bone cancer cases per 100,000 
that occur in the population. The second assumption is that about 10 percent 
of the normal incidence of bone tumors and leukemia is due to natural background 

radiation. There is some scientific evidence from X and gamma radiation in 

support of this assumption as applied to incidence of leukemia, but none for 
Sr” radiation. There is no evidence to support its application to bone cancer. 
We do know, however, that there are things in our environment other. than 
radiation which will cause bone cancer; so it.certainly would not be right te 
attribute 100 per cent of the bone cancer ‘incidence to natural background. 

On the basis of the assumptions given above, the incidence of leukemia in the 
United States might increase from 10,000 cases per year to about 10,030 and the 
incidence of bone cancer might increase from about 3,000 to about 3,010. This 
suggests a total increase of 40 cases out of a population of 165 million people as 
the maximum biological consequence of Sr® fallout from weapons tested to date 
by all nations. If the present rate of biospheric Sr” contamination continues 
for 30 years, the biological consequence of Sr® fallout may be a total increase 
in the United States population of about 250 cases per year of these two dis- 
eases. There is a good chance that this prediction may overestimate the popu- 
lation risk. The assumption that even the smallest amount of Sr® deposited in 
bone carries a small probability of harm is seriously questioned, and there is a 
possibility that a threshold below which no leukemia and bone cancer will be 
produced does exist. Animal experiments with radioactive strontium definitely 
indicate that Sr” may not be as bad as anticipated for producing leukemia because 
the beta radiation from the Sr” gets absorbed in the hard bone and does not 
radiate the bone marrow where leukemia begins. These same experiments do 
suggest that production of bone tumors by Sr®™ is about as expected on the basis 
of human experience with radium. 

(5) The present data also indicate that much more research on both the 
physical and biological factors of fallout must be done if weapons tests are to 
be continued. This research is necessary to narrow the limits of error and uncer- 
tainty in existing data and to permit predictions to be based on facts instead of on 
what appears to be reasonable assumptions. More researeh on the biological and 
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medical effects of radiation and radioactive materials is essential, even to the 
future of the power reactor program which also produces Sr® and other fission 
products. 

Although present knowledge of the bictogical effects of radiation and radio- 
active materials is not all it should be to allow plunging ahead recklessly and 
without worry into all aspects of nuclear technology, it is adequate to dispel an 
attitude of gloom and doom. Radiation is not the only potential hazard man is 
facing as part of the price of living in a highly developed society nor is it the 
insurmountable one. 

REFERENCES 


W. F. Libby, Radioactive Fallout and Radioactive Strontium, Science 123, 
No. 3199, 657-660 (April 1956). 

W. F. Libby, Radioactive Strontium Fallout, Proc. Nat. Acad. Sci. 42, No. 6, 
365-390 (June 1956). (See p. 1468.) 

W. F. Libby, Current Research Findings on Radioactive Fallout, Proc. Nat. 
Acad. Sci. 42, 945-962 (December 1956). _ (See p. 1494.) 

M. Hisenbud, Global Distribution of Radioactivity from Nuclear Detonations, 
with Special Reference to Strontium-90, presented at the Washington 
Academy of Sciences meeting, Washington, D. C. (November 15, 1956). 

C. I. Campbell, Radiostrontium Fallout from Continuing Nuclear Tests, 
Science 124, No. 3227, 894 (November 1956). (See p. 1338.) 

L. D. Marinelli, Gamma-Ray Activity of Contemporary Man, Science 124, 
122 (July 1956). 

BE. C. Anderson, R. L. Schuch, W. R. Fisher and W. H. Langham, Radio- 
activity of People and Foods, Science 125, No. 3261, 1273-1278 (June 28, 
1957). (See p. 752.) 

Recommendations of the International Commission on Radiological Protec- 
tion, Supplement No. 6, British Journal of Radiology, (December 1,.1954). 

The Hazards to Man of Nuclear and Allied Radiations, British Medical 
Research Council, Her Majesty’s Stationery Office, London (June 1956), 
(See -p. 1539.) 

10. W. F. Libby, Radioactive Fallout, presented before the Spring Meeting of 

The American Physicial Society, "Washington, D. €. (April 26, 1957). (See 
_p., 1519.) 

11. K. K. Turekian and J. L. Kulp, Strontium Content of Human Bones, Science 
124, 405-406 (August 31, 1956). (See p. 706.) : 

12. K. K. Turekian and J. L. Kulp, The Geochemistry of Strontium, Geochim. 
et Cosmochim. Acta 10, 245-296 (1956). 

13. R. M. Hodges, N. S. MacDonald, R. Nusbaum, R. Stearns, F. Ezmirlian, P. 
Spain and C. McArthur, The Strontium Content of Human Bones, J. Biol. 
€hem. 185, 519-524 (1950). 

14. E. M. Sowden and S. R. Stitch, Trace Wlements i Human Tissue. Part 2. 
Estimation of the Concentrations of Stable Strontium and Barium in 
Human Bone, AERE/MRC/R 2030 (1956). 

15. G. V. Alexander, Analytical Data presented at the Bio-Medical Program 
Directors meeting at UCLA (April 29, 1957). 

16. G. V. Alexander, R. E. Nusbaum and N. S. MacDonald, The Relative Reten- 

tion of Strontium and Calcium in Bone Tissue, Jour. Biol. Chem. 218, No. 2, 
911-919 (1956). 

17. R. Menzel, personal communication to J. L. Kulp, Reference 12, Seience 125, 
No. 3241, 219-225 (February 8, 1957). 

18. K. Larsen, UCLA-380 (November 6, 1956). 

19. H. I. Bowen and J. A. Dymond, Uptake of Ca and.Sr by Plants and Soils from 
Nutrient Solutions, Jour. Expt. Botany 7, 264-272 (1956). 

20. ©. L. Comar, quoted in Committee Report—Deposition and Retention of In- 
gested Strontium 90 in the Skeleton, Washington, D. C. (April 23, 1957). 
Official Use Only. 

21. D. Laszlo, quoted in Committee Report—Deposition and Retention of In- 
gested Strontium 90 in the Skeleton, Washington, D. C. (April 23, 1957). 

Official Use Only. 

22. O. L. Comar, R. H. Wasserman and M. M. Nold, Strontium-Calcium Discrimi- 
nation Factors in the Rat, Proc. Soc. Expt. Biol. Med 92, 859-863 (1956). 

23. Committee Report—Deposition and Retention of Ingested Strontium 90 in 
the Skeleton, Washington, D. C. (April 23, 1957). Official Use Only. 

24. J. L. Kulp, W. R. Eckelmann and A. R. Schulert, Strontium—90 in Man, Science 

125, No. 3241, 219-225 (February 8, 1957). (See p. 694.) 


93299°—57—pt. 2——24 


A SO eS ae 


i Sk 


2 % 


1372 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


25. 
26. 
27. 


28. 
29. 


30. 


31. 
32. 


33. 


34. 
35. 
36. 
37. 


88. 


89. 
40. 
41. 


42. 
43. 
44, 


45. 
46. 
47, 


48, 


49. 


The committee will stand adjourned. . e 
(Whereupon, at 12:15 p. m., Thursday, June 6, 1957, the committee 


H. H. Mitchell, T. S. Hamilton, F. R. Steggerda and H. W. Bean, J. Biol. Chem. 
158, 625 (1945). 

O. L. Comar, I. B. Whitney and F. W. Lengemann, Proc. Soc. Exp. Biol. Med. 
88, 232 (1955). 

R. J. Bryant, A. C. Chamberlain, A. Morgan and G. 8. Spicer, Radiostrontium 
Fallout in Biological Materials in Britain, AERE/HP/R 2056, Harwell, 
Berks, (1956). (See p. 1709.) 

R. F. Palmer and F. B. Queen, Hanford Atomic Energy Works Report, HW- 
31242 (1956). . 

J. C. Aub, R. D. Evans, L. H. Hempelmann and H. 8. Martland, The Late Ef- 
fects of Internally-Deposited Radioactive Materials in Man, Medicine 31, 
No. 3, 221-829 (1952). 

Maximum Permissible Amounts of Radioisotopes in the Human Body and 
Mazimum Permissible Concentrations in Air and Water, National Bureau 
of Standards Handbook 52 (1953). 

Permissible Dose from External Sources of Iionizing Radiation, National Bu- 
reau of Standards Handbook 59 (1954). 

The Biological Effects of Atomic Radiation. Summary Reports, National 
Academy of Sciences-National Research Council (1956). (See p. 1827.) 

Pathologic Effects of Atomic Radiation, National Academy of Sciences-Na- 
tional Research Council Publication 452 (1956). 

BE. B. Lewis, Leukemia and Ionizing Radiation, Science 125, No. 3255, 965- _ 
972 (May 17, 1957). (See p. 962.) 

A. M. Brues, Radiation as a Carcinogenic Agent, Rad. Res. 3, No. 3, (Novem- 
ber 1955). 

A. M. Brues, Commentary on the Modes of Radiation Injury, International 
Conference on the Peaceful Uses of Atomic Energy (June 23, 1955). 4 

W. B. Looney, R. J. Hasterlik, A. M. Brues and H. Skirmont, A Clinical In- 
vestigation of the Chronic Effects of Radium Salts Administered Thera- 
peutically (1915-1931), Am. Jour. Roentgenology 73, 1006-1037 (January- — 
June 1955). r yy 

W. G. Cahan, H. Q. Woodward, N. L. Higinbotham and F. W. Stewart, 
Sarcoma Arising in Irradiated Bone, Report of Eleven Cases, Cancer 
1, 3-29 (1948). 

W. M. Court Brown and J. D. Abbat, The Incidence of Leukemia in Anky- . 
losing Spondylitis Treated with X-Rays, Lancet 268, 1283-1285 (1955). 

F. W. Spiers, The Hazards to Man of Nuclear and Allied Radiations, Her | 
Majesty’s Stationery Office (June 1956). (See p. 1671.) nat). 

R. A. Dudley and R. D. Evans, Radiation Dose to Man from Natural Sources, 
submitted to Joint Committee on Atomic Energy, Congress of the United 
States (May 20, 1957). (See p. 1236.) 


Committee Report—Operation Sunshine, Washington, D.. C. (December |. 


19-20, 1956). Official Use Only. 

A. M. Brues, Biological Hazards and Toxicity of Radioactive Isotopes, Jour. 
Clin. Invest. 28, 1286-1296 (1949). , 

W. B. Looney, Late Effects (Twenty-Five to Forty Years) of the Harly 
Medical and Industrial Use of Radioactive Materials. Their Relation to 
the More Accurate Establshment of Maximum Permissible Amounts ‘of 
Radioactive Elements in the Body. Part II, Jour. Bone and Joint Surgery 
88-A, No. 1, 175-218 (January 1956). 

J. L. Kulp, W. R. Eckelmann and A. R. Schulert, Strontium-90 in Man, 
Science 125, No. 3254, 934 (1957). (See p. 705.) 
R. E. ryt Strontium-90 in Man, Science 125, No.-3254, 983-934 (1957). (See 

p. 704. : 

L. Machta, The Nature of Radioactive Fallout and Its Effect on Man, 
presented at the Open Hearings of the Joint Committee on Atomic Energy, 
Washington, D. C. (May 27-June 7, 1957). (See p. 141.) 

N. G. Stewart, R. N. Crooks and HE. M. R. Fisher, The Radiological Dose 
to Persons in the U. K. Due to Debris from Nuclear Test Explosions prior 
to January 1956, AERE/HP/R 2017 (1956). (See p. 1689.) : a3 

W. P. Libby, Letter to Hal Hollister (June 7, 1957). (See p. 1345.) 


adjourned, to reconvene at 10 a. m., tomorrow, Friday, June 7, 1957, 
in the old Supreme Court chamber, the Capitol.) 


| 
| 


THE NATURE OF RADIOACTIVE FALLOUT AND ITS 
EFFECTS ON MAN 
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ConGrEss OF THE UNITED States, 
SPECIAL SUBCOMMITTEE ON RapDIATION 
OF THE JOINT ComMMITIEE ON ATOMIC ENerGy, 
Washington, D. C. 


The special subcommittee met, pursuant to recess, at 10 a. m., in 
room P-63, the Capitol, Hon. Chet Holifield (chairman of the sub- 
committee) presiding. 

Present: Representatives Holifield, Durham (chairman of the 
Joint: Committee), Cole, Price, Van Zandt; Senators Anderson and 
Jackson. 

Also present: Professional staff members: James T. Ramey, ex- 
ecutive director; George E. Brown, Jr., Hal Hollister, staff technical 
adviser, and Paul C. Tompkins, consultant. 

Representative Houirirtp. The committee will come to order. 

The Chair would like to explain something which occurred yester- 
day for the benefit particularly of the press. 

Dr. Libby in response to a request of mine on a previous day handed 
in a short statement regarding the scientific reasons for testing 
weapons. Shortly after this, one copy which was handed to me was 
turned in, I was called to another meeting, and I had to stay in it 
all morning, because it was an executive session. Senator Anderson 
took over the chair. There was some confusion between Senator 
Anderson and me, and neither one of us read the statement of Dr. 
Libby at that time or before adjournment, I should say. As there 
were no other copies handed out, there were some reporters, appar- 
ently, who noticed it and asked to see it. They read it before the 
papers were taken to the committee room.. I have asked the staff to 
prepare some copies which have been handed out this morning, and I 
am going to ask, since it is a short statement—and it was not accepted 
officially—Dr. Dunham to read this into the record at this time. 


STATEMENT OF DR. WILLARD F. LIBBY, UNITED STATES ATOMIC 
ENERGY COMMISSIONER, READ BY DR. CHARLES L. DUNHAM 


Dr. Dunyam (reading) : 


I have been asked by the committee to explain briefly in my statement for 
insertion in the record why I believe nuclear tests must continue. 

For the survival of our Nation and that of the free world, heavy reliance is 
placed on the United States’ defensive and deterrent capabilities. These 
capabilities are inextricably bound to our nuclear warheads and to the weapons 
Systems which would carry these warheads. 
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We are today in a period of radical transition in the weapons systems available 
and becoming available. A Very few years ago the possibility of a surprise 
nuclear attack upon the United States and the other free nations was small. 
Our own weapons could be readied carefully and the carrying vehicles could take 
time in delivering the warheads to destination. 

Now, however, with the gains made by nations in delivery systems the tech- 
nical possibility of surprise attack against us has increased. This then is 
forcing a change in our defensive systems. We require new weapons of smaller 
size, capable of withstanding extreme conditions, instantly ready and tailored 
to give the desired effect. These characteristics are particularly important and 
stringent in the case of weapons for defense of our Nation and our forces 
against possible enemy attack, Generally at present, each new weapon-delivery 
system requires a new or modified warhead design. 

Naturally, in view of the reliance we must place on our nuclear-weapons 
systems, new or modified weapons and design changes must be tested if we are 
to rely on them in the emergency. Unfortunately, there is no substitute for 
testing to determine the reliability of a weapon, conventional or atomic. To 
cut off testing, therefore, means the cutting off of the introduction of improved 
nuclear-weapons systems. Though there can be very limited extrapolation of 
present information without testing, cessation of tests would, to all intents and 
purposes, end shortly our developmental work. It would mean the cutting off 
of attempts to achieve further improved designs—designs which would lessen 
still further radioactive contamination from detonations, designs to make most 
efficient use of materials, designs which could function under the extremes that 
they would be called upon to face. It would mean that systems being developed 
aa urgently needed for our defense would be without the most effective war- 

eads. 

As you know, one cannot enumerate in an unclassified statement and without 
divulging to the world the status of our nuclear armaments the known defense 
and deterrent weapon systems which we would forego by stopping tests. From 
past test series, we have found, sometimes unexpectedly, means of increasing 
the efficient use of materials, reducing the size and complexity of warheads, 
increasing their deliverability and yield, and reducing the radioactive con- 
tamination from our larger yield devices. The committee is familiar with 
these past developments and with the fact that additional systems now scheduled 
could not be brought into being without further tests. In a public statement, 
I can only emphasize that our weapons development would be crippled by a - 
cessation of tests. 

Naturally, should we interrupt our testing and others do not so do, we could 
find ourselves shortly with systems whose nuclear warheads were not adequate 
for the intended purposes. With the rapidity with which weapons systems are 
now changing we might find ourselves in such a position in a relatively short 
period of time. : 

As I stated earlier, therefore, cessation or interruption of testing is in itself 
a form of disarmament. Such a step should only be taken, therefore, as a part 
of a comprehensive disarmament plan. It should only be taken when there are 
means in existence of assuring that other nations similarly will cease their 
testing and hence their development of new systems. 7 

We must continue our efforts to find an assured way of disarmament, as part 
of which all would stop testing of nuclear weapons. In the meantime, we as a 
Nation should continue to limit our test shots to those essential to our develop- _ 
ment program for the weapons so vital—in the absence of safeguarded disarma- 
ment—to assuring the survival of the free world. We should continue by all ~ 
possible means our efforts to reduce the amount of residual contamination from _ 
these fully justified shots. 


Representative Horirmxp. The request of the Chair was that Dr. 
Libby give the scientific reasons for the continued testing of weapons. 
While there are some scientific reasons in the statement, there are also 
statements of policy and conclusions on Dr. Libby’s part. In view | 
of the fact that Dr. Libby is not here, I have no questions on the 
statement. Do the other members of the committee have any ques- 
tions? . 

Chairman Duruam. No. 

Representative Corn. Except to point out, as I am sure the Chair 
will agree, that Dr. Libby could not discuss the scientific considera- 
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tions and justifications of continuing weapons tests without disclosing 
vital security information. 

Representative Horirrexp. I certainly agree with that statement. 

tes Dunham, I believe you have some documents to insert in the 
record. 

Dr. Dunnam. Yes; I have two statements prepared by Dr. Libby, 
advance copies of which the committee already has, but these are 
BE caied material on radioactive fallout on soils and the radioactivity 
of rain, and the other statement has to do with natural occurrence of 
radioactivities. 

I would like to on Dr. Libby’s behalf introduce these in the record. 

Representative Horirievp. I do not believe the members have had a 
oe to see these statements. Did you present the copies this morn- 
in 

r. Dunuam. I believe Mr. Hollister has copies of these. Yes; 
they were brought up this morning. 

Representative Hotirizrp. For the present we will accept them with- 
out knowing exactly what they are. 

Dr. Dunuam. I would also like to take the opportunity at this time 
to introduce a statement prepared by Dr. Harry Wexler, of the 
Weather Bureau, entitled, “Radioactive Fallout in the Stratosphere,” 
which is essentially a discussion of research approaches in meteorology 
to solving some of the fallout problems. 

Chairman Duruam. Mr. Chairman, this is a very interesting state- 
ment. It will not take but a few minutes to read it. Would you like 
to read it? 

3 Dr. Dunnam. I will be very happy to read it if the committee so 
esires, | . 


STATEMENT OF DR. HARRY WEXLER,’ DIRECTOR OF METEOROLOGI- 
CAL RESEARCH, UNITED STATES WEATHER BUREAU (READ BY 
DR. CHARLES L. DUNHAM) 


Since the large nuclear explosions deposit a considerable portion of their 
radioactive debris in the stratosphere, these questions arise: What happens to 
this radioactivity? Does it mix uniformly over the world after a year or two? 
Is there much vertical mixing upward and downward? Are there important 


1Chief scientist of the USNC-IGY Antarctic Program and is responsible for its entire 
scientific effort to be undertaken in 1957 and 1958 in Antarctica. He is a member of the 
USNC-IGY Antarctic Committee, the USNC-IGY Technical Panel on Meteorology, the 
ad hoe Arctic Committee and the ad hoc Equatorial Committee. He is a member of the 
United States National Committee for the International Geophysical Year and an alternate 
Member of its Executive Committee. Received his B. 8. degree in mathematics from 
Harvard University in 1982. He did graduate work at the Massachusetts Institute of 
Technology from 1932 to 1934 and from 1937 to 1988 and obtained his Sc. D. in meteorology 
in 1989. During the Sib Bete: period, 1934 to 1937, he worked at the United States 
eather Bureau in Chicago, Ill., and Washington, D. C. He was appointed assistant 
rofessor of meteorolo at the Institute of Meteorology of the University of Chicago 
1940 and left this position in late 1941 to return to defense work at the Weather Bureau 
in Washington. In November 1942, he joined the Army Air Force’s Weather Service as 
& captain and was appointed senior instructor in meteorology to the Army Air Force 
Aviation Cadet School in Grand Rapids, Mich. While there he served as a member of 
the wartime University Meteorological Committee established to assist the military 
services in matters related to meteorological training. 
In late 1948, Dr. Wexler was transferred to the Weather Division of the Army Air Forces 
Washington, where he served as research executive and initiated and fostered a pro- 
gram of research in weather which later developed into the “eal Air Force program in 
geophysics. In September 1944, with Colonel Floyd Wood as pot. made the first pene- 
ation of an Atlantic hurricane, which because of its unusual intensity became known 
as the Great Atlantic Hurricane. In 1946 Dr. Wexler became Chief of the United States 
Weather Bureau’s Science Services Division, In 1955 he was named Director of Meteoro- 
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seasonal and geographic effects? Are there channels connecting the strato- 
sphere to the troposphere through which large quantities of radioactvity can 
flow downward with the air and ultimately reach the precipitation layers and 
thus be rained out? 

Dr. Machta has presented testimony pointing strongly in the direction of non- 
uniformity of stratospheric fallout which is corroborated by analysis of strontim 
90 in soil samples collected by Dr. Alexander. This is a surprising result to 
most meteorologists who would believe that after a year or two, airborne contami- 
nants released in the stratosphere should be uniformly mixed over the world. — 
Admittedly, there has been little evidence to go on; for example, Krakatao 
voleanie ash apparently spread uniformly over the world within 3 to 6 months: 
as best as could be judged from fragmentary optical and solar radiation effects 
available in 1883. . ' 

In recent years, observations of the atmospheric content of ozone, most of 
which is found in the lower stratosphere, show decided geographic and seasonal 
nonuniformity over the world, although the interpretation of this gas in terms 
of mixing is complicated by geographic and time variations in solar ultraviolet 
radiation, air temperature, and large-scale vertical air motions. 

Against this background of conflicting evidence, one thing stands out. In view 
of great quantities of radioactive debris now present in the stratosphere and the 
possibility that as the years go on, new and larger amounts may be placed there, 
we must learn much more about the lateral and vertical transport and mixing 
mechanisms in the stratosphere. In addition, further understanding of atmos- 
pheric removal processes is needed. An outline of proposed research and de- 
velopment is presented below. 


1. METEOROLOGICAL OBSERVATIONS IN THE STRATOSPHERE 


Only in recent years have meteorological balloons penetrated systematically 
into the lowest layers of the stratosphere—but their average height (60,000 
feet) is well below the top of the large thermonuclear bomb mushroom clouds 
(100,000 feet’ or higher). With increased effort during the International » 
Geophysical Year, the average height may approach closer to 100,000 feet, but 
there will be large areas, particularly in regions of low temperatures, where 
the balloons become brittle and burst before rising appreciably in the strato- 
sphere or even reaching the stratosphere. 

Recommendation: Development of a’ relatively inexpensive, lightweight, 
solid propellant, frangible cased rocket, capable of carrying meteorological 
instruments to 200,000 feet and dropping them by parachute which can be- 
followed by radar. This offers the only hope of establishing a widespread net- 
work of meteorological observations in the important 100,000-200,000 foot layer 
to observe stratospheric winds, temperatures and densities, so that the higher 
yield atomic clouds can be tracked. 


2. AIR SAMPLING AND ASSAYING IN THE STRATOSPHERE 


Although the availability of stratospheric meteorological observations will 
aid in determining the bulk transport cf clouds of radioactive debris, they will 
not usually be sufficient to help estimate the degree of mixing between the 
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radioactive clouds and their environments. The existing limited program of 
sampling the stratosphere for natural and artificial constituents has thrown 
some light on the incompleteness of mixing in the stratosphere. Strontium 90, 
carbon 14, water vapor, and ozone have been sampled or assayed directly, and 
the few observations available, especially of the vertical profile of water vapor 
and ozone, reveal a marked stratification in the lower stratosphere, indicating 
very weak vertical mixing—at least during the few times soundings were 
made. There are not sufficient observations geographically or seasonally to 
arrive at similar conclusions regarding the degree of lateral mixing. 

Recommendations: An intensified program of air sampling and analyzing 
to a height of 150,000 feet by aid of large “sky-hook’” balloons should be 
inaugurated over large areas to determine the lateral and vertical mixing 
efficiency of the lower stratosphere and exchange mechanisms with the tropo- 
sphere. 

8. PREDICTION OF STRATOSPHERIO TRANSPORT AND MIXING 


After an adequate program of stratospheric observations has been inaugu- 
rated so that one has a reasonably accurate picture of the present state of the 
stratosphere and its distribution of trace elements, then the question of the 
future state arises. 

The few day-to-day weather analyses that have been carried on in the lower 
stratosphere suggest strongly that the flow patterns are so different from those 
existing below that inference or extrapolation from lower level happenings or 
predictions are of little or no value. The electric computer, with its capacity 
for analyzing large quantities of data quickly, has proved its value in forecasting 
important changes in flow pattern in.the troposphere such as the change from a 
basically zonal (west and east) flow to largely meridional (north and south) 
flow. Such changes, occurring very rapidly, can have an important effect on the 
distribution of airborne material in the troposphere. It is suspected that there 
may be similar large scale changes in flow patterns in the stratosphere, 

Recommendations: A special research unit should be established to plot and 
analyze daily stratospheric charts, using all the data described above, and having 
access to a modern high speed automatic computer to develop prediction 
techniques for stratosphere transport, mixing, and exchange with the tropo- 
sphere. 


4. REMOVAL PROCESSES 


The hazard from strontium 90 stems from ingestion. The radioactive particles 
must, therefore, be removed from the atmosphere onto the ground or foliage. 
Evidence suggests precipitation as the prime removal process, although not the 
exclusive’one. Impaction on obstacles and, to a lesser eXtent, gravitational 
settling are other known mechanisms. 

The details of the precipitation scavenging process are a matter of speculation, 
Empirical correlations with fallout are inadequate for predictive purposes under 
different conditions. 

The removal of small particles over water bodies is especially important since 
water surface constitutes almost three-fourths of the earth’s surface. 

Recommendations: The study of removal processes by impaction, scavenging, 
etc., should be intensified. Ocean samples should be analyzed for strontium 90 
and cesium 137 in order to determine whether the oceanic fallout pattern follows 
that over land. 


Bepeniative Hoxirreip. Are.there any questions on this state- 
ment 

Dr. Dunham, does the AEC have any comments on this statement? 

Dr. Dunnam. No, it seems like a very sound recommendation. 

Chairman Duruam. You have made some fine recommendations 
here. Are we equipped to carry out the recommendations, as far as 
you know? 

Dr. Dunyuam. Maybe Dr. Machta, who is here, would like to speak 
to that point. I gather his item 1 would require some development 
work. am sure Dr. Machta is better prepared to answer that 
question. : 
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Representative Hotrrierp. Dr. Machta, would you like to come’ 
forward? 

Chairman Duruam. Have you read Dr. Wexler’s statement? 

Dr. Macura. Yes, I have. 

Chairman Duruam. Do you concur in his recommendations? 

Dr. Macuta. Yes, sir, I do. 

Chairman Duruam. Is any agency of the Government equipped to 
carry out his recommendations at the present time? | 

Dr. Macuta. Yes, I think the Weather Bureau, if asked to do so, 
would be equipped to do it. | 

Chairman Duruam. You are qualified to do it? 

Dr. Macuta. Yes, sir. We have a high-speed computer which is 
used for our everyday forecasting which would be devoted to this 
purpose, and we have in mind certain other projects which Dr. Wex- 
ler indicated. 

Chairman Durnam. You think it is important that we proceed to 
do this type of testing ? 

Dr. Macuta. Yes, sir; I do. 

Representative Horiimip. This statement, as I read it, has to do 
with nonuniformity of stratospheric fallout, Does that pertain to 
the matter while it is in the stratosphere or does it pertain to the 
nonuniformity of its descent to earth ? | 

Dr. Macuta. The statement includes both aspects. In making a 
prediction, one must know where it is in the atmosphere, and how it 
would be removed. 

Representative Horrrietp. At the present. time the research you 
recommend is to find out the conditions in the upper stratosphere ? 

Dr. Macura. This primarily, but secondly the removal processes. 
For example, does it, as we really suspect happens, come down pri- 
marily in rainfall and factors of this sort ? Hy 

Representative Hortrrecp. It goes to sustain the theory of non- 
uniformity of deposit on the earth’s crust, doesit not? : 

Dr. Macura. I do not believe I would say that. What we want. 
to do is to conduct more research to confirm the suspicions we have. 

Representative Hottrtetp. His suspicions, if you want to call them 
that, are along that line? 

Dr. Macuta. Yes, sir. Res 
; Chairman Duruam. Is any of this type of sampling now being: 

one ? . 

Dr. Macuta, Yes. During the International Geophysical Year, a 
very much more extensive program of ozone sampling in the upper 
atmosphere is to be conducted. We believe this will throw great light 
on the exchange in the stratosphere and the exchange between the 
stratosphere and troposphere. In addition, the AEC is undertaking 
a very good sampling program of strontium 90 and other fission 
products in the stratosphere which would be very POTD 

Chairman Duruam. How about the oceanic testing % , 

Dr. Macuta. According to my information, the Woods Hole 
Oceanographic Institute is sampling the Atlantic Ocean to determine 
the content of strontium 90. Their preliminary report will be out 
very shortly. 

Representative Horirerp. Before we proceed further, it has been 
called to my attention that we have Dr. Waterman, the Director of 
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the National Science Foundation, present this morning to partake in 
the panel discussion. We are glad to have you here, sir. 

Dr. WaterMaN. Thank you. 

Representative Houtrm tp. Dr. Dunham, yesterday Senator Rich- 
ard L. Neuberger released a press release which reads as follows: 

Senator Richard L. Neuberger today urged that the Atomic Energy Commis- 
sion make public a report on strontium 90 effects submitted to the AEC by an 
advisory committee. : 

The Oregon Senator charged in a Senate speech that the report, requested by 
the Commission over 2 years ago, has not yet been issued in final form due to 
“official reluctance.” 

Dr. H. Bentley Glass, professor of biology at Johns Hopkins University, indi- 
cated Tuesday that release of the study prepared by the Advisory Committee 
on Biology and Medicine has been delayed by the AEC.. Glass is a member 
of the advisory group. 

“The American public has a right to know of the dangers inherent in exposure 
to radioactive materials,” Neuberger declared. “Suppression of this report on 
the part of the Atomic Hnergy Commission represents a betrayal of public 
trust.” 

“This subject is one of vital concern to all Americans,” the Senator said. 
“It affects not only the present population of the United States, but future 
generations as well. Any attempt to shield the facts from public scrutiny is 
inexcusable.” 

The 44-year-old Oregon Senator, sponsor of a bill to establish a National 
Radiation Health Institute, said that the AEC owes the public an explanation 
as to why the report was not previously released. “Full disclosure of unclassi- 
fied information regarding radiation exposure is vital to establishment of in- 
formed public opinion and the rational discussion of this issue which looms 
paramount in the minds of many Americans” he said. ~ 


In view of the fact that this release was made during these hearings, 
and in view of the fact that there has been no evidence presented to 
the committee that there has been such a study or report, I will ask 
you at this time to comment on this in order that the Atomic Energy 
Commission may have an opportunity to state its views. 

Dr. Dunuam. Thank you very much, Mr. Holifield. 

First I would like to make it perfectly clear that there is no such 
report. The Commission has never asked that the Advisory Commit- 
tee on Biology and Medicine make a report. 

On the other hand, as I indicated the other day in testimony, during 
the last 2 years there has not been a meeting of that committee at 
which the matter of the fallout studies was not discussed, and a brief 
bringing up to date of the commitee on the facts given by a member 
of my staff. The committee has considered this matter very, very 
carefully. They have as yet prepared no statement on the subject. | 

Ree rate Ho.irretp. There has been a study made of this 
subject ? 

i Dunuam. Not by the committee as such. They have reviewed 
the status of the material being developed at each of their meetings 
each year. When on 1 or 2 occasions I neglected to put this item on 
the agenda, one or another of the Commissioners called my attention 
to it, and asked that it be put on the agenda, bringing the committee 
up to date on this information. 

Representative Hoxirmip. Has this committee been presented with 
the results of your studies on strontium 90% 

Dr. Dunuam. Yes. They have been presented, as I say, at every 
meeting, and they have been brought up to date on the new material 
as it developed. | 
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Representative Horrrietp. I am speaking of the congressional com- 
mittee. Has this committee been presented with all of the pertinent 
eo cae in regard to strontium 90 which is in possession of the 
AKC? 

Dr. Dunuam. I believe this is so.. With the material introduced in 
the record by Dr. Libby and material presented by other people who 
have appeared before you, I think this constitutes the present body 
of knowledge of the Atomic Energy Commission on the contamination 
of the environment by strontium 90. 

Representative Horirmvp. Is there an area of knowledge on the 
subject of strontium 90 which is in the classified area and which has 
been or-will be presented to the committee in executive session ? 

Dr. Dunuam. The only material pertinent to this question which is 
classified is that to do with actual fission yield of specific devices, 
This material, I believe, has been in the hands of the committee. You 


are brought up to date at each series of tests as to what these fission . 


yields are. 

Representative Hortrierp. So there has been no withholding of 
your overall calculations as to the amount that is in the stratosphere, 
and which has been deposited, according to your measurements, in 
various places throughout the earth’s crust ? | 

Dr. Dunuam. That is right. There has been no withholding at all. 

Representative Horirrerp. That information, to the best of our 


present ability to measure, has been presented not only on the con- | 


tinental United States, but other measurements in other lands? 
Dr. Dunuam. Yes. We have presented you with all the material 
we have developed. . 
Bapmesenta sige Hotirtetp. Are there any further questions on this 
oint i 
> Chairman Duruam. Then it is a fact, Doctor, that all the in- 
formation has been made public through the present hearings and 
other methods? 
Dr. Dunuam. That is correct, sir. 
Representative Hoxirietp. Dr. Dunham, we will now let you read 
your statement. | 


STATEMENT OF DR. CHARLES L. DUNHAM, DIRECTOR, DIVISION 
OF BIOLOGY AND MEDICINE, ATOMIC ENERGY COMMISSION 


Dr. Dunnam. Thank you. I would like first to say what I am 


going to do is to review briefly the present program of research of the 
Division of Biology and Medicine which relates to fallout. I under- 
stand the committee has invited representatives of other Government 
agencies who are making very important contributions to the general 
information on this af 

I will let them speak for themselves. 


= 


ject to present their programs. Therefore, 


I have with me today, Dr. Shields Warren, from the New England 


Deaconess Hospital. I would like to call upon him, after I have fin- 


ished, to speak from the standpoint of a university scientist, plus his’ 


great background in this particular area, Also, Dr. Austin Brues, 
who is the Director of the Division of Medicine and Biology of the 
Argonne National Laboratory, to speak to.you from the standpoint 
of a director of such a program at one of our national laboratories. 
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That part of the research program of the Division of Biology and 
Medicine which relates to fallout falls into four major categories: 

1. Collection and analysis of samples to determine distribution of 
strontium 90 in the atmosphere and the biosphere. 

2. Further refinement of our knowledge of the radiotoxicity of 
strontium 90 and cesium 187 and other radionucleides and of the long- 
term effects of external gamma radiation. 

_ 3. Research into methods of treating and ameliorating radiation 
injury. 

4, Civil effects test programs at weapons tests. 

With the exception of the activities of the Health and Safety Lab- 
oratory in New York, all work is done by contract either at national 
laboratories or at private laboratories, both university and commer- 
cial, or with Government laboratories by transfer of funds to Naval 
Radiological Defense Laboratory, Naval Research Laboratory, the 
Air Force, and so forth. 

With the saad of experimental studies done at weapons tests, 
none of this work is classified even at the time it is done. In fact, we 
have made deliberate efforts to see that this is so, so as to avoid delays 
in making the information available. That work undertaken at 
‘beg tat tests is now carefully planned so that insofar as possible 
the first preliminary reports are written in unclassified form and the 
final complete reports whenever possible are unclassified or unclas- 
sified versions are written simultaneously. 


I. COLLECTION AND ANALYSIS OF SAMPLES 


The gummed-paper network of the Health and Safety Laboratory 
now comprises 94 stations in the United States and 75 in foreign 
countries. Stainless-steel pot collections are being made at 7 stations 
in the United States and in the following countries: Hawaii (which 
is not a country), Chile, French West Africa, Austria, Union of South 
Africa, Thailand, South Rhodesia, Peru, Pakistan, Kenya, Japan (2), 
Colombia, and Brazil. This network is to be expanded as coopera- 
tive arrangements are developed with other countries. 

Soil sampling on a worldwide basis is under Dr. Lyle Alexander, 
United States Department of Agriculture, and collections in 17 coun- 
tries were made in 1955 and in 39 countries in 1956 and annually 
or more frequently collections are made in various parts of the United 
States. These are supplanted by soil collections in the New York 
area by the Lamont Laboratories of Columbia University. In the 
future, we hope to be able to undertake simultaneous soil sampling in 
North and South America on an annual basis. 

Sampling of the Pacific Ocean in relation to weapons tests is exten- 
sive, and is supplemented by excellent Japanese sampling and analysis, 
with frequent exchanges of data. 

The ocean is large, and we cannot sample the whole ocean, but we 
do endeavor to follow the radioactive material as it moves along with 
the current. In cooperation with such organizations as the NORPAC 
and the Japanese, we have been able to get quite a lot of information 
on the movement of these water masses. 

Followup studies on the Rongelap Atoll are annual, and include 
analysis of soils, edible plants, animals, and seafood. Both the Naval 
Radiological Defense Laboratory and the University of Washington 
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School of Applied Fisheries, and the biological laboratories estab- 
lished by the AEC at Eniwetok have taken part in this with assist- 
ance from the Walter Reed Medical Center. The medical followup 
on the people of the Rongelap and Uterik Atolls is under the direc- 
tion of a group at Brookhaven National Laboratory with assistance 
from the National Institutes of Health, Walter Reed Medical Center, 
and the Department of the Navy. 

The human bone sampling program is largely carried out by the 
Lamont Laboratories in New York City with supplementary collec- 
tions by the Argonne Cancer Research Hospital and other groups in 
this country. Analyses are carried out by commercial laboratories 
with careful cross checks by Lamont Laboratories and by the Health 
and Safety Laboratory of AEC for analytical accuracy. 

Representative Hoxirexp. I understand that Dr. Schulert is here 
to talk about the bone samples. 

Dr. Dunyuam. That is fine. 

Stratospheric sampling: Techniques are being developed to make 
possible the monitoring of radioactive fission products in the strato- 
sphere. Such measurements would provide important information 
on quantities of weapons debris reaching the stratosphere, the distri- 
bution and retention of such materials in the stratosphere, and their 
release to the lower atmosphere. In experiments now being conducted 
with the Department of Defense, balloons were used to carry sampling 
equipment to altitudes of 50,000 to 90,000 feet, where radioactive par- 
ticles were filtered from a defined volume of air. Balloons were being 
launched at Minneapolis, Minn., San Angelo, Tex., andat France Air 
Force Base in the Panama Canal Zone. 

Radiochemical analyses of the samples are presently being made on 
a’ pilot scale by the Commission’s Health and Safety Laboratory, 
New York, until arrangements can be made with commercial labora- 
tories to perform this work. Results of these studies will be useful 
in planning a worldwide network for the stratospheric monitoring of 
long-lived radioistotopes. 

‘In addition, we have work at the Midway Laboratories in Chicago 
in attempting to develop a more adequate method of sampling. ‘The 
present sampling devices are filter devices and, although we believe 
they collect 25 percent of the material present in the stratosphere, we 
want to be able to be sure we are actually getting all of the material 
from a given volume of air. | 

The milkshed sampling program includes regular sampling in the 
New York and Chicago milksheds, with less frequent sampling by the 
Health and Safety Laboratory and the Los Alamos Scientific Labora- 
tory of other milk supplies. 1g 

Food sampling in the United States is related to milksheds and the 
location of United States agricultural experiment stations and carried 
out largely under Dr. Alexander in the United States Department of 
Agriculture. 

Representative Corr. May I interrupt here, Dr. Dunham, to ask 

ou to explain to what extent Mae conduct continued sampling of milk 
in the area of the Nevada tests ? 

Dr. DunHAm. We have some samples of that. 

Representative Corr. The reason for the question is that, presum- 
ably, the fallout would be greater in the area near to the Nevada test. 

Dr. Dunuam. Yes, sir. ae Wd OOMOIISS a8 21 
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Representative Corr. Some people may feel and I am curious why 
you select the Chicago and New York milksheds for your milk tests. 

Dr. Dunuam. Those are the two largest milksheds, of course. As 
to the milk within hundreds of miles of the Nevada test site, much of 
that is Hagia Some is developed locally. But the Los Alamos 
Scientific Laboratory has been sampling milk in communities there. 

Representative Corr. That answers the question. The Los Alamos 
Laboratory is the agency responsible for sampling the milk in the area 
of the Nevada test. 

Dr. Dunuam. That is correct, sir. 

Representative Cotz. That is, I assume, a reasonably continuous 
sampling process ? 

Dr. Dunuam. That is correct. We are in the process of initiating a 
worldwide food sampling program with the assistance of the Inter- 
departmental Committee on Nutrition, aimed at checking especially 
the food constituting the principal source of calcium in the diet. 
Analyses will be by the Health and Safety Laboratory or contracted 
out. 

There are two ways in which the information thus developed reaches 
the public: One, as unclassified Atomic Energy Commission reports, 
second, the publication in the scientific literature. The material often 
appears first as an unclassified AEC report and later is published in 
a scientific journal. This is in part because of backlogs of accepted 
papers in the better scientific journals. This material is also dis- 
seminated to the United Nations Scientific Committee on Radiation 
Effects as soon as it has become available in printed form to United 
States scientists. It is our hope that many of the worldwide collec- 
tions and analyses can be done in the countries of origin. The AEC 
Health and Safety Laboratory is training scientists from a number 
of countries in these techniques. Pending their taking over, we are 
getting excellent cooperation from the countries which have ex- 
pressed an interest in these matters. Meanwhile we are analyzing 
any samples submitted from foreign countries. 

Representative Van Zanpr. At this point, Dr. Dunham, is it not 
true that spokesmen from the AEC are constantly making speeches 
and copies of the speeches are given a pretty good coverage, and they 
contain firsthand information taken from the files of the AKC? 

Dr. Dunuam. That is one of the reasons these speeches are given. 
By the time you get the reports accepted and printed by the scien- 
tific journals, much time has elapsed. Many of these speeches are 
done deliberately to get the material out as fast as it is available. 

Representative Van Zanpt. I might say I read these speeches re- 
ligiously and as a result I feel I am being kept up to date in regard 
to the developments in this field. | 

Representative Coir. Let me say in response to that that if my 

ood friend, Mr. Van Zandt, reads all the speeches coming to his 
esk emanating from the Atomic Energy Commission, he does not 
do anything else. 

Heureentative Van Zanpvr. I am speaking about radiation haz- 
ards. 

Representative Corn. Because they come to my desk, and I admit 
that I do not read them all. They come too fast. 

Representative VAN ZAnpt. J agree with my colleague from New 
York, I am especially interested in the radiation hazard. 
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Dr. Dunuam. I know you have a special interest in that, Congress- 
man. 

The worldwide and national bone sampling program will be stepped 
up as more sources of material can be found. 


II. RADIOTOXICITY STUDIES 


The radiotoxicity studies include extensive small animal studies 
at the University of Rochester atomic energy project, Argonne Na- 
tional Laboratory and Los Alamos Scientific Laboratory. Lifetime - 
studies in dogs at the University of Utah to compare in mature 
animals radium, plutonium, mesothorium, and strontium 90 have 
been underway for 6 years. The University of California, Davis 
Campus, is just commencing a womb-to-tomb strontium 90 exper- 
iment in dogs. That means the mothers are fed strontium 90, and 
as soon as the pups are born, they are given strontium 90 throughout 
their whole lifetime. That is the way that experiment is planned. 

Representative Cotz. Doctor, would you tell me why dogs are se- 
lected for this experiment, rather than any other animals? | 

Dr. DunHam. Yes. We have quite a lot of information on mice 
and rats. But these substances we are talking about here are bone » 
seekers. A rat bone or a mouse bone. never really ceases to grow. 
Furthermore, they are very short-lived animals. It is a matter of 
a year or 2 or 3. at the most. Dogs are chosen because they are longer 
lived and, secondly, because their bone development and maturation 
follow very closely the human pattern. So when they are mature 
and the epiphyses have closed the bone structure of those dogs re- 
semble exactly what we know to exist in the radium dial workers 
and the people who were given radium as treatment which are the 
basis of our information on radiotoxicity of internal emitters in man. 

Representative Cotz. What is mesothorium ? 

Dr. Dunuam. Mesothorium is one of the products in the decay 
scheme of the thorium series. It is the material which Dr. Looney 
mentioned as being in the radium dial paint, and which has confused 
some of the data there because the early work was done sort of like 
somebody’s cook. They might put more or less mesothorium in the 
mixture. Dr, Evans’ group at Cambridge has worked very hard and ~ 
now I believe has developed a method which he feels is satisfactory 
so he can work back on the living patients and estimate how much of. 
the thorium series was introduced with the radium. This has been a > 
very difficult problem. | wt 

Three more large-scale dog studies are planned with strontium 90, 
cesium 137, and mixed fission products. + 

Studies on the discrimination between strontium and calcium in 
animals and humans are underway at the Oak Ridge Institute of 
Nuclear Studies, University of Rochester, University of California 
at Los Angeles atomic energy project, Sloan-Kettering Research In-’ 
stitute, and Montefiore Hospital in New York. Additional work will 
be undertaken by the Argonne National Laboratory and the Argonne 
Cancer Research Hospital as low-level counting facilities become avail- 
able at Argonne National Laboratory. | 
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II, TREATMENT OF WHOLE BODY RADIATION INJURY AND METHODS OF 
AMELIORATING RADIATION EFFECT 


Currently there are three approaches to a| more specific treatment 
for whole-body injury: | 

1. Prophylaxis: This approach is useful only if given prior to ex- 
posure. In other words, it would have no practical value in the event 
of an atomic catastrophe except if a person knew he had to go in and 
take two or three hundred roentgens, he would be able to take some 
prophylactic measure to reduce his injury. 

Representative Van ZAnpt. Dr. Dunham,, would it be possible to 
innoculate military personnel with this preventive, whose duties kept 
them in close proximity to reactors on board naval vessels? 

Dr. DunHam. What we have been working with now, which shows 
promise, you have to take a few hours before exposure. It is ques- 
tionable whether a person could take it indefinitely so I don’t think it 
would be useful there. But if a person had to go in in the event of 

an accident and had to take 300 roentgens to save a person’s life, this 
would be very useful. 

Representative Van Zanpt. What would be the life of this pre- 
-ventive? 

Dr. Dunuam. It can be taken in experimental animals. This is 
the point I want to make very definitely. This can be taken for a 
matter of several days. You have to begin and give a good-sized 
dose within a few hours prior to beginning of the exposure. 

Chairman Durnam. What is the combination of the bromide? 

Dr. Dunuam. That means that this long name here is a salt just 
like sodium chloride. The chloride is what makes it the salt. 

Chairman Duruam. I could not tell from that whether it was a 
combination of 3 or 4 other salts or not. 

Dr. Dunuam. It is the bromide of this compound. | 

Representative Corn. Is there reasonable reason for encouragement 
in this field of pretreatment ? 

Dr. Dunnam. Yes. We found this particular material, which I 
abbreviate AET, developed at the Oak Ridge National Lab to be 
quite effective in essentially doubling the resistance of rats, mice, and 
monkeys. ‘The only question is what is the toxicity of the material 
inman? We found in dogs they do not tolerate it. You cannot give 
enough to protect the dog and similarly the rabbit. This will have to 
be determined and some studies are being done. Some work is bene 
done using this material at the National Institues of Health an 
other hospitals, not in the doses required to protect, but in the treat- 
ment of what is called radiation sickness, the nausea and vomiting that 
goes with radiation therapy, so we can begin to get a feel of how 
sensitive human beings are to this material. 

We don’t know at this point. It may be like one of the new drugs 
for TB. You can cure monkeys because they are 30 times less sensi- 
tive than humans to the drug. But you can’t give enough to the 
human to totally wipe out the disease. 

Representative YANZANnpT. How much of the dose could the body 
of of the animal absorb if this preventive was applied beforehand ? 

Dr. Dunuam. I don’t recall the exact doses for any specific species 
of animals. It isa matter of a few hundred milligrams. I don’t re- 
call the exact dose. | 
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AET (S-B-aminoethylisothiouronium bromide) pretreatment de- 
veloped at Oak Ridge National Laboratory holds great promise. Its 
toxicity in humans has yet to be fully evaluated. In experimental | 
animals it will roughly double resistance. 

2. Treatment which is effective if given up to 48 hours after ex- 
posure begins: (a) Bone marrow transplants have proven very effec- 
tive in a variety of mamalian species—mice, rats, and monkeys. In- 
tensive efforts to establish the value of this treatment in humans 
suffering from aplastic anemia are currently underway. There are 
several hospitals in this country which are attempting to do this in 
humans who have had their bone marrow injured by radiotherapy 
which was necessary to treat a cancerous condition. This has only been 
going on for a few months. I think we will have a pretty good feel 
for this 6 months from now as to whether this is a feasible approach. 

Representative Van ZAnpt. Dr. Dunham, some years ago at Los 
Alamos there was an accident that involved Dr. Graves and another 
physicist. 

Dr. DunHaAm. Yes. 

Representative Van Zanpt. The other physicist died as a result of 
the dose. 

Dr. DunHaAm. Thatis correct. . | 

Representative Van Zanpr. How much knowledge did the Com- 
mission gain as a result of that accident which caused the death of the 
physicist ? 

Dr. Dunuam. I would say that the report which has been published 
in the Annals of Internal Medicine of both accidents—there were 2, 
1 a little earlier in the game, and 1 about 1945—constitutes the most 
carefully documented, from a scientific standpoint, group of cases of 
whole body radiation exposure, complicated by skin burns, that exists 
anywhere. : 7 

Representative Van Zanpr. Do you recall the name of the physicist ? 

Dr. Dunuam. It was Dr. Sloton who died in one accident. The 
other one was an Armenian name. Dr. Sloton is the one I think you 
are thinking of. 

Representative Van Zanpt. How long did he live after the accident? 

Dr. Dunuam. About 3 or 4 weeks. 

Representative Van Zanpr. Can you describe the body reaction to 
the exposure? | 

Dr. DunHam. What essentially happened is that he had his hands 
quite close to the criticality experiment that got out of control, so he — 
received probably 60,000 to 80,000, or better, rep equivalent to the skin 
and forearms. He received a very extensive burn. It was almost as 
though you immersed his hands in a tub of boiling water and held 
them there for some time. In addition there was a complete cessation 
of the formation of all the blood constituents. That was the whole 
body effect of the mixed gamma and neutron irradiation. 

Representative Van Zanvt. Was he unconscious immediately after 
the accident ? 

Dr. DunHam. I don’t recall. I don’t think anybody was uncon- 
scious immediately after the accident. 

Representative Van Zanpt. I understand there was ample time to 
study the effects? 

Mr. Dunuam. These were done by Dr. Louis Hempelmann, who 
is now at Rochester. I might say that this matter of bone-marrow 
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transplants was originally developed by Dr. Lorenz, the late Dr. 
Lorenz, at the National Cancer Institute, who was working during the 
Manhattan District days very closely with Dr. Leon Jacobson at the 
Argonne National Laboratory. | 

6) Another approach is to concentrate an active substance believed 
to be present in pregnant cow’s blood. This is a very elusive material 
and all attempts to concentrate it to date have failed. It is fragile and 
very difficult to keep in its original state. There is no question that 
there is something in pregnant cow’s blood which does convey a cer- 
tain degree of protection after injury has occurred. 


IIT, REMOVAL OF RADIONUCLIDES FROM THE BODY 


As to the removal of radionuclides from the body, and this is of 
prime interest with respect to fallout and strontium 90, whereas we 
now have two very valuable drugs, EDTA (ethylenediamine-tetra- 
acetic acid) and zirconium citrate which will divert plutonium in the 
blood stream away from bone and into the urine. No known prepara- 
tion will do this for strontium. We have nothing which will selec- 
tively remove important amounts of either plutonium or strontium 
once it is deposited in the bone. Work in this field has been discour- 
aging; nevertheless scientists at the Los Alamos Scientific Laboratory 
and at the Montefiore Hospital in New York are working hard at the 
problem. 

We have a few projects studying skin burns induced by beta radia- 
tion as well as the followup studies on the Sandstone skin burns, and 
the skin burns in the Rongelapese. There are also a series of studies 
dealing with the problem of inhalation of radioactive materials. In 
addition to all this we have a large effort in the genetic effects of 
radiation and in the biochemical effects of radiation which will provide 
basic knowledge of the mechanisms of injury which in turn should per- 
eF a more eflicient approach to the problem of combating radiation 
elfects. 


IV. CIVIL DEFENSE ASPECTS 


As to the methods of coping with fallout, they fall into two groups. 

1, Adequate shelter during maximum gamma radiation hazards: 
The Division of Biology and Medicine has, since 1952, taken advan- 
tage of each Nevada test series to develop information on shelter 
design. This work is done in cooperation with the Federal Civil 
Defense Administration and at Operation Plumbob the FCDA is 
supporting practically all of the work on shelters. 

2. Decontamination: This is relatively easy with ordinary deter- 
gents and water for small objects and structures. For larger areas 
it is an economic problem. One approach is to fix with asphalt spray, 
then bulldoze off. For very large farm areas this becomes very dif- 
ficult and one must rely on time for decay and deep plowing for more 
uniform mixing, thus diluting available strontium-90. Small areas 
of low-calcium soil can be treated with calcium to reduce the stron- 
tium-90-calcium ratio. Milk can be treated similarly up to a point, 
or one can simply remove all calcium and strontium by ion exchange 
resins and add uncontaminated calcium. Continuing the initial stud- 
jes at Upshot-Knothole and at Operation Teapot, Operation Plum- 
bob will develop further information om contamination of soils, crops, 
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and foods, shielding attenuation factors for various structures and 
structural configurations, and evaluation of decontamination proce- 
dures under field conditions. oy ' 

Mr. Chairman, at this point I would like to ask permission to intro- 
duce into the record a summary of the Operation Plumbob civil 
effects test group project summaries, dated 1957. I would like also, 
with your permission, to introduce into the record a letter which I 
wrote you on May 28 outlining the shelter program at Operation 
Plumbob. 

Representative Hortrierp. I am glad you are presenting that. I 
had intended to ask you to, or have Mr. Corsbie do so. 


(The material referred to follows:) 
MAy 28, 1957. 
Hon. CHET HO.iriE.p, 
Chairman of the Special Subcommittee on Radiation of the Joint Com- 
mittee on Atomic Energy, 
Washington, D. C. 

Dear Mr. Horirietp: This is in reply to your request of May 27, 1957, for. 
information on the number of shelters, and sponsors thereof, being tested in 
the current weapons-test series. 

The program of the civil effects test group includes studies on the blast effect 
on prototype shelters and test structures, the latter being tested principally to 
obtain engineering design data. There are 3 reinforced home-type shelters for 
a few persons; 1 mass shelter capable of holding large numbers of people and 
Serving the dual function of a parking garage; 3 concrete dome structures for 
obtaining engineering design data; 1 industry-financed prototype vault for 
records storage; 1 industry-financed windowless reinforced clay-masonry struc- 
ture; 9 shelters similar to design and capacity of the German structures; and 3 
prototype entranceways to test blast-resistant doors, ventilation equipment, et 
cetera, for France. 

All of the above structures are being tested under the sponsorship of the 
Federal Civil Defense Administration and, except for the industry-sponsored 
and foreign shelters, are being financed by FCDA. 

In addition, the AEC is continuing some blast biology studies, using two shel- 
ters which were included in the Teapot series of 1955. These were tested at 
pressures of approximately 100 pounds per square inch. They are being used 
to supply further data on biologically acceptable criteria for open shelters. 

Also, I am enclosing copy of Mr. Corsbie’s remarks prepared for the press 
briefing in Nevada, which explains in more detail the civil effects test program, 

Sincerely yours, 
C. L. DunuHaM, M. D., 
Director, Division of Biology and Medicine. 


[Preseries briefing, May 1957] 
NEVADA TEST ORGANIZATION 


OFFICE OF TEST INFORMATION 
Las Vegas, Nev. 


ReMArks BY Rozert L. Corssiz, Direcror, Civiz Errects TEst GROUP 


Organizationally, the Civil Effects Test Group is one of six scientific and 
technical units reporting to the test director and is a counterpart of the Military 
Effects Group. It is principally sponsored by AEC and FCDA. Other Govern- 
ment agencies, some private industrial groups, and two foreign nations have 
projects in this program. The foreign nation and industry projects are proposed 
and sponsored by FCDA. There are financial arrangements between the partici- 
pants and the Civil Defense Administration. 

- The scientific and technical content comprises 10 programs, 54 projects, about 
200 shot participations, and requires at NTS a peak population of around 400 
scientific and staff personnel over the operational period of several months. 
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All projects are reviewed by the appropriate scientific and technical test screen- 
ing and planning committees before acceptance for field testing, and are co- 
ordinated with the military effects tests. 

The continuing need for effects information parallels and keeps pace with new 
developments in weapons. The civil effects program stems from this continuing 
need for up-to-date information on the weapons effects given by a family of 
nuclear weapons. Our weapons development tests afford an opportunity to 
augment laboratory experiments with new and useful knowledge from nuclear 
detonations. Continental tests afford unusually good opportunities to verify 
in the field various theoretical concepts and laboratory programs which are 
directed toward complete knowledge of effects on man. 

The six general areas of study in the Plumbbob program are as follows: 

. Fallout radiation 

. Prompt-gamma and prompt-neutron radiation 
. Blast effects on structures 

. Blast biology studies 

. Radiological countermeasures and training 

. Instrumentation and supporting services 


DOR OD 


FALLOUT STUDIES 


The fallout studies for Plumbbob represent a continuation of work begun by the 
Atomic Energy Project of UCLA in the study of the fallout from the Trinity 
test in 1945. The main purposes of these studies include: 

(a) Learning to control the availability of radioactive fallout to plants, 
animals and man; 

(6) Defining accurately the limits of environmental radiation that can be 
safely tolerated. Such studies are indispensable also for establishing safety 
criteria for weapons testing program. 


PROMPT-GAMMA AND PROMPT-NEUTRON RADIATION STUDIES 


It is necessary to study prompt-neutron and prompt-gamma radiation to obtain 
data on shielding necessary for shelter design. Better understanding of biologi- 
eal effects of radiation is possible through the advances in gamma and neutron 
dosimetry. Radiation dosimetry now available makes it possible to measure 
radiation doses in the field with an accuracy which equals or exceeds measure- 
ments in the laboratory. Laboratory and field experiments relating to radiation 
effects on animals have pointed up the necessity for a better-defined relation 
between biological. effects on animals and on humans. This has reemphasized 
the value and foresightedness of the medical studies through the Atomic Bomb 
Casualty Commission that have been underway in Japan since 1946. The ABCC 
files contain clinical records of more than 4,000 well-documented cases of sur- 
vivors. These afford data which would be more meaningful to all radiation 
medicine in the world if we knew the varying doses that individual cases re- 
ceived under the known shielding conditions and distances that prevailed. 

During Operation Plumbbob we will initiate studies that are expected to 
establish the angular distribution of radiations at several distances in air so 
that total effect on persons inside structures can be evaluated. These basic 
data will permit the next phase of a long-range program to begin. This will be 
the determination of the attenuation and scattering by structural and other 
shielding materials, including terrain. Around 65 percent of the survivors whose 
cases are adequately documented were shielded in light wood houses of unique 
construction and geometry, and it is therefore necessary and important that 
these materials and geometrical configurations be studied to evaluate the shield- 
ing afforded to individuals in such structures. 

The results of the Plumbbob studies, plus subsequent pilot and laboratory 
experiments, will permit detailed planning for a third phase of the overall pro- 
gram, the end-product of which is expected to establish the individual doses in 
terms of gamma and neutron radiation for the medical records developed by 
ABCC through 10 years, study of survivors. The benefits that could result from 
this are enormous. Obtaining new data on doses, and through use of the ABCC 
medical records, their subsequent effects may well provide information that will 
permit the administration of improved treatment of radiation effects on man. 
Two of the major laboratories of the AEC are cooperating on this program. 
They are Oak Ridge National Laboratory and Los Alamos Scientific Laboratory. 

, In addition, the Division of Biology and Medicine of the AKC is being assisted in 
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this program by the Brookhaven National Laboratory, the Air Force School of 
Aviation Medicine, the Army Surgeon General's Office, and the Naval Medical 
Research Institute. 

BLAST EFFECTS ON STRUCTURES 


Studies of blast effects on shelters and structures are sponsored principally 
by FCDA. Included are reinforced-concrete home-type shelters for a few per- 
sons and so-called mass shelters, capable of holding large numbers of people as 
well as performing dual functions, such as serving as a parking garage in 
ordinary times. Also, there are some industry-sponsored items; namely, a 
protective vault for records, and a windowless reinforced-clay masonry structure. 
Three reinforced-concrete dome structures are being subjected to overpressures 
in several ranges to obtain engineering design data for use in future mass shelter 
designs. Through a United States architect-engineering firm and FCDA, France 
and West Germany are testing a number of shelters of their design. This repre- 
sents the first time other nations have included structures or otherwise partici- 
pated in the Civil Effects Test Group. In addition, a variety of valves, devices, 
and equipment will be tested for use as shelter components. 


“BLAST BIOLOGY 


The present state of knowledge makes mandatory further studies relating to 
blast biology. ‘These investigations are being carried out by. the Lovelace Foun- 
dation and are directed toward obtaining more information on the primary, 
secondary, and tertiary effects of blast. They are a continuation of the work 
begun during 1953-55, where together with other valuable data for the first time 
a means was devised of obtaining usable information on numbers and types of 
missiles (flying bricks, timber, glass, etc.) per unit area and on the penetrability 
of glass and masonry fragments and other small missiles likely to be produced in 
an urban area that has been subjected to a nuclear blast. It is expected that 
the studies during plumbbob will provide equally valuable information on the 
problems associated with biomedical effects of static pressures and dynamic 
pressures sufficiently strong to translate bodies the size and weight of a man 
from a state of rest to a state of motion. "a? 


COUNTERMEASURES AND TRAINING 


One of the most important new programs that will be initiated during Plumb- 
bob is work by the Naval Radiological Defense Laboratory on countermeasures 
against fallout radiation. The proof-testing of radiological shelters and typical 
buildings is expected to produce data useful in practical applications and guid- 
ance for planning a long-range program on methods of survival and continuing 
occupation of areas that have been subjected to heavy radioactive fallout. This 
program is designed to provide confirmation and applicability of laboratory 
theories and methods of decontamination to the large-scale recovery of areas 
contaminated by radioactivity and in addition to develop data on scaling from 
low yield to megaton detonations. 

Our program includes several training exercises and an offsite radiological 
defense project of especial importance to civil defense. In addition, other proj- 
ects will include the field testing of aerial monitoring equipment, and the indoc- 
trination and training of radiological defense personnel drawn generally from 
State and community civil defense organizations. The field testing of commer- 
cially produced radiation detection instrument is included in these projects. 


INSTRUMENTATION AND SUPPORTING SERVICES 


The instrumentation and supporting services concerned with radiation, blast, 
thermal, technical photography, are self-explanatory and are designed to give 
necessary measurements and records to project authors for use in reaching 
conclusions and in the preparation of technical reports. To supplement and 
make these physical measurements more meaningful, biological materials, and 
dosimeters are used to provide data for correlating exposures with effects and 
extrapolating the findings to probable physical effects on human beings. This 
requires for Plumbbob several species of animals such as mice, guinea pigs, 
primates (monkeys), dogs and swine—all of which you will recognize as routinely 
used in biomedical research. 
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SUMMARY 


It is emphasized that probably the most significant aspect of the Civil Effects 
Test Program, Operation Plumbbob, is the coordination of continuing laboratory 
research and less frequent test activities in planning projects to provide informa- 
tion essential to an adequate understanding of nuclear effects on life in all its 
phases. This coupling provides a continuous flow of basic data usable in imme- 
diate practical application and in planning of future research into the means of 
national self-protection, individual survival, and accommodations of medical 
practice to the atomic era. 

In any case, peace or war, we are already well into the atomic age. Learning to 
live with the byproducts of nuclear reactions is now necessary and urgent. In 
addition to the necessity for developing military strength, the weapons testing 
programs furnish a unique opportunity for providing indispensable information 
to this end. Additionally, opportunity is provided for the training of key per- 
sonnel in the theoretical and practical aspects of dealing with environmental 
radiation in the great variety of situations in which it occurs. 

Dr. DunHam. He is so busy at the tests. I have also the remarks 
he made at a press conference at the beginning of Operation Plumbob, 
which again outlines the civil-effects program. 

Representative Horirterp. I think it is very important that the 
American people know that these tests in Nevada have a much greater 
effect than just the testing of weapons. There is the testing of mate- 
rials, the learning of how to protect from radiation, the effect on 
animals and all of these things which go toward furthering our know]l- 
edge of radiations involved in these Nevada tests. 

Dr. Dunuam. That is very true. It not only gives us basic knowl- 
edge for all radiation problems, but as long as there is a possible 
threat of nuclear warfare, it gives us information that is absolutely 
vital for the defense of the country. 

Representative Houirretp. I think the listing of the research proj- 
ects which you have made in this speech and also the listing of con- 
tracts, which are another part of the record, will assure the American 

eople that there is a deep concern and a very wide range of studies 
in these fields, and that we are not being careless or indifferent regard- 
less of differences of opinion as to what the effects mean. We are at 
least trying to scientifically get these effects. 

Dr. Dunuam. Yes. 

Representative Van Zanpr. Dr. Dunham, in connection with the 
use of water for the purpose of attacking the radiation hazard, is 
that possible? What I have in mind is a pressurized water hose being 
used to wash off the contamination. 

Dr. Dunuam. That is no question you can hose the fallout material 
off. Certainly the type of material which came down in the Marshall 
Islands, which was visible large particles, one could get rid of a great 
deal by ordinary pressure. 

Representative Van ZAnpT. What about the ordinary sprinkler? 

Dr. DunuAm. You have to watch that if you hose it off the roof 
and sides of the building, and it collects at the edge of the building, 
you may actually build up more radiation intensity in the building 
than if you left it alone. One actually has to move it some distance. 
This becomes quite a problem sometimes. 

Representative Van Zanor. I understand this practice has been 
very effective aboard ship. ; 

Dr. Dunuam. Very ellective. I think NIRDL has done extensive 
studies, 
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Representative Hotirretp. I think that distinction between a ship 
and land is very important because as you say the removal from the 
walls or roofs of the building means that you are removing it into the 
soil where people walk. ried 

Mr. Dunnam. That is right. 

Representative Hotirretp. Previous testimony from, I believe, Dr. 
Alexander from the Agriculture Department, was to the effect that 
it was very difficult to leach this material from the soil. 

Dr. Dunuam. That is correct. It takes years. 

As I see it, the areas of greatest immediate need for information 
are: 

1. Better predictability of the properties of nearby strontium 90 
fallout: By that I mean whether it is soluble or relatively insoluble, 
and there is evidence that the near-in fallout is less soluble, and would 
be less available to plants than the fine particles—better predictability 
of the properties of nearby strontium 90 fallout, that having tropo- 
spheric dissemination, and that getting into the stratosphere for each 
type of weapon and for each circumstance of burst (ground, low air, 
high air, etc.). This is very difficult and can only be learned at weap- 
ons tests. 

2. Amount and distribution of strontium 90 and other fission 
products in the stratosphere and more precise estimates of holding 
time in the stratosphere: We will know much more about the first of 
these in a year’s time. : 

As Dr. Libby indicated, we will know considerable more about that 
in a year’s time as a result of our balloon sampling. : 

3. Strontium 90 toxicity: In 10 to 15 years we will have experi- 
mental data in dogs which will firm up the maximum permissible 
body burden of strontium 90 for all ages and will have determined 
whether strontium 90 is ever leukemogenic in dogs and presumably in 
man, and will have gone a long way to settling whether or not the 
bone tumor effects of strontium 90 have a threshold. 

4, True doubling dose for mutation rate in human germ cells; this 
will take many years to accomplish, if ever. 

5. Tolerable mutation rate for the human race: I use the word 
“tolerable” advisedly. This again will take many years and will 
never be exact because of human social patterns. 

6. Leukemogenesis and effects on life span by low level external 
radiation exposures: A study on the latter in several thousand mice 
at Argonne National Laboratory will be completed in 2 to 3 years. 
A small scale study in dogs has been going at the University of 
Rochester for 6 years. This has another 8 to 10 years to go. Re- 
lated to this is an intensified effort to get more acurate estimates of 
the true exposures of the Japanese irradiated at Hiroshima and Naga- 
saki. We attack this from two standpoints. One is to get more 
exact information about the exact location of the survivors, the type 
of structures, by aerial photography, and by studies now going on in 
Nevada attempting to get a much better idea as to what the shielding 
properties of different materials are, housing materials and the lke, 
to the various types of mixtures of neutrons and gamma rays char- 
acteristic of the two weapons detonated in Japan. 

I have transmitted separately a more detailed summary statement 
of the Atomic Energy Commission’s biomedical program related to 
biological hazards of radiation. 
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(The detailed summary referred to follows :) 


U. S. Atomic ENERGY COMMISSION, DIVISION.OF BIOLOGY AND MEDICINE 


Summary—Studies and research projects on fallout problems and related 
research on the biological hazards of radiation 





Scientific Amount (in 
man-years thousands) 





1. Sampling and analysis of radioactive fallout, including fission product 
toxicity and transport: 


(a) Sampling and analysis of radioactive fallout (Sunshine project) ___- 253 1 $1, 193 
(0) Research on the biological hazards of radioactive fallout (Sunshine j 
Ee eye ee ee ge ee ee ee ee et nn |saeaacewcbacce 14, 424 
2. Effects of radiation on humans, mammals, and other organisms (exclusive 
PMERTIOTIC SEMICON 75 ees es eco mad ee eS ee ys BA a , 449 9, 168 
3. Treatment and methods of ameliorating radiation effects............--_--- 60 t 338 


4, Genetic effects of radiation: 
(a) Studies of human genetics and of genetic effects of radiation on 


ran Cols ang bissie enloure 6 ae Bee ed 12 154 
(6) Experimental studies of the genetic effects of radiation.on species 
BUNOMLNOTI as. ee Oe. 5 eee oe a ee 71 1, 314 
5. Biochemical and microbiological studies of radiation effects__.._.-..------ 110 1, 472 
Gonlb i Sinemet rostecll (LIS ete. renee he eee Se ote coe 4 52 
7. Dosimetry research: The development ofimproved methods of measuring 
TPL Ones are Seas BN ey rl SRS tb ee ih ee ee hh ee a 47 I, 026 
Stee ae oa ede AEe eset See et A ec deve 1, 006 20, 141 





1 A breakdown of these totals appears in the following pages. 


In addition to the research programs recapitulated above as concerned with 
fallout problems and related research on the biological hazards of radiation, the 
AEC’s Division of Biology and Medicine supports a sizable program of research 
involving the utilization and better understanding of nuclear energies. 

This portion of the program involves cancer research and other atoms for 
peace uses; radioisotopes in medicine; improvement of crops in agriculture; 
and many other projects less closely related to the fallout problem. 


{In thousands of dollars] 














Radiation | Combating} Beneficial Dosimetry 
effects on | radiation applica- Biomed |and instru- 
Installation biological | detrimental tions problems} mentation | Total 
systems efiects 
(1) (2) (3) (4) (5) 
1, Argonne Cancer: Research Hos- | - 
PN! Rel Bp RS Sek Re Ss eres ee OM Coe ae Se gee TW |B la (ee ee oc 1, 240 
2, Argonné National: Laboratoryz.-|--.-2<. 2 |2_-.- esse Ay 90 sey FS 180 620 
8.. Brookhaven National Labora- 
"Thy hfe tule lary Shame een patente CLUE Re atl ited oe Fie Ly il in Rh 110 1, 607 
4, University of California Radia- 
fion Labordory 2.42. tf 137 170 CN | ep 73 1, 497 
5. University of California Medi- 
Al SCHOOL: Seo. bs we Se 8 oe ek Se 2115" Ws POSER ie (Sle gees: - CRS 235 
6. hat of California at Los 
(BEE) (OS. ally Sa oe a 120 182 140 225 50 717 
7. GE a THanked Works: le ee ee ob. ee ce ne 286 286 
DING) 6 om oS et Pe et Ge Be: “iY |S SS Sea Sb CER ae 667 
Baaipiversity OfPmockesters. 2. 5 2. |e. 27. LL 115 88 41 244 
10. Knolls Atomic Power Labora- 
‘oie gt eS IS = NR SEE | Se — ee eee et” Sa a a ee Sob aay ae 88 
men niversicy of, l'ennessee__... 2-1... 82--b..-tgasese- capo it) |e ae ee ae ol ee 50 
12, Health and Safety Laboratory, 
LRT RE er SRE Ss | SRS SS” Tee pe ee! pn SES, Ce be Bae Sea 538 
tal oe ee Oe Se 557 352 5, 201 939 740 7, 789 
18, University and other institution laboratory research projects....-..-------------------------- 8, 668 
Total, other biological and medical research projects_.__-_--.---.-_-.------------------------- 11, 457 


Total AEO biology and medicine research program for fiscal year 1957_.....---------------- 31, 598 
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2. Effects of radiation on humans, mammals, and other organisms (exclusive of 
genetic studies), $9,168,000. 












Institution Title Investigator 
California, University of__...--. The Effect of Radiation on Work Capacity and | A. C. Andersen, G, H. 
Longevity of the Dog. Hart 


art. 
Cedars of Lebanon Hospital...| Chemical Studies on Connective Tissues of | H. Sobel. 
Animals Aged Prematurely by Irradiation 
_. (Assessinent of Biochemical Age). 
Chicago, University of........- Radiosensitivity of the Lymphocytes----2.----- 
Bacteriological Aspects of Radiation Sickness-_- 
A Study of the Effect on Gastric Tissues of 
Irradiation Therapy in Peptic Ulcer. 
The Physiological Factors Involved in Antibody 
Synthesis and in the Modification of the 
Immune Process by X-Irradiation. 
The Effect of Whole Body Ionizing Radiation 
on the Quality of Antibody. 
Children’s Medical Center....| The Effect of Irradiation on Induction of Pitui- 
tary Tumors. 
Columbia University__..-.-..- Effect of Ionizing Radiation on Nerve Tissue___- 
Emory University__-.......... Effect of Radiation on Learned. Behavior, 
Problem-Solving Ability and Neural Mecha- 
nisms of Monkeys. 


P. P. H. DeBruyn. 
C. P. Miller. 
W. OD. Palmer. 


W. H. Taliaferro. 


D. W. Talmage, 
J. Furth. 


D. Nachmansohn. 
A. J. Riopelle. 


Florida, University of.......-- Effect of Radiation on the Uptake of Large | F. E. Ray, M. F. 
Organic Molecules by the Liver and Spleen of Argus, 
the Mouse. 

George Washington Univer- | The Dose-Incidence Relationship of Beta Radi- | L. K. Alpert. 

sity. ation Induced Skin Cancer in the Rat. 
Harvard University..........- it Effect of Ionizing Radiations on Peripheral | E. L. Gasteiger. 
erve. 
Radiation Effects on the Lung____-__-__-_______ S. Warren. 

Tilinois, University of..-.---..- A reevaluation of Radiation InJury (B-rays) of | 8. R. Rosenthal. 
the Skin by a Direct Method Approach. 

Iowa, State University of..-..- A Quantitative and Morphologic Study of | T. C. Evans and P. J. 
Radiation Induced Cataracts. Leinfelder. 

Jobns Hopkins University... The Mechanism of the Activation of Latent Epi- | W. H. Price. 
demic Typhus Infections in the Laboratory 

Animals and in Humans by X-ray. 

Kansas, University of_..-.---- Immunological Study of Radiation-Induced | C. A. Leone. 
Damage to Biological Systems. 

Kresge Eye Institute._......-- Effects of Neutrons and Other Radiations on the | V. E. Kinsey. 
Ocular Lens. 

Marquette University...2....- Temperature Prevailing During Exposure as a | J. P. O’Brien. 


Modifying Factor in the Dose-Response Re- 
lationship of X-rayed Mammalian Skin. 


Massachusetts General Hos- | A Biochemical Study of the Effects of Radiation | P. C. Zamecnik, 


pital. on Cells. I. T. Nathanson. 
Miami, University of-......_-- A Quantitative Study of the Effects of Radia- | E. L. Chambers. 
tion on the Blood Capillaries of Normal 
Animals. 
Michigan, University of....--- Effects of Irradiation on the Localizing Response | A. C. Curtis. 
(to Antigen) of Different Tissues in Immunity. 
Syracuse University._..-...--- ge hive oo tae Upon the Renal-Endoc- | W. R. Boss. 
rine System. 
Minnesota, University of.....- Effects of Ionizing Radiation Upon Tissue | W. D. Armstrong, 
Metabolism. W. O. Caster. 
9Toxic Effects of Irradiation_......-.......2-.-.. Pe ai Marvin, F. J. 
ewis. 
Nebraska, University of.....-. Effects of Cranial X-Irradiation on Psychologi- | W. J. Arnold. 
| cal Processes in Rats. 
Nevada, University of_.......- Range Livestock Production Adjacent to | V. R. Bohman, 


Nevada Proving Grounds. 


New England Deaconess Hos- | The Effects of Ionizing Radiation on the Devel- | 8. P. Hicks. 
pital. oping Mammalian Nervous System. 
Acute and Chronic Radiation Injury___.--_----- S. Warren. 
New York University........- Histochemical Studies of Metabolic Alterations | B. W. Zweifach, B. P. 


in Rats Receiving Lethal and Sublethal Doses Sonnenblick. 
of Radiation, with Emphasis on Terminal 
Vascular Bed. 
New York University, Belle- | Study of the Biological Effects of Ionizing Radi- 
vue Medical Center. ation (Alpha and Beta) on Human Skin. 
Nuclear Science and Engi- | A Toxic Substance Produced by Irradiation._-__- 
necring Corp. 
Oregon, University of, Medi- | Studies of Hemic Effects of Radioisotopes, 
cal School. X-rays and of Adrenocortical Hormones. 
Pennsylvania, University of.... Changes in the Capillary Fragility and the 
Colloidal Properties of Blood Following 


M. B. Sulzberger. 
Abraham Edelmann, 
E. E. Osgood, A. J. 


Seaman. 
L. V. Heilbrunn. 


Irradiation. 

Pittsburgh, University of__...- The Study of the Effects of Radiation on the | F. J. Dixon. 
Immune Response. 

Rochester, University of_.....- Individual Response to Ionizing Radiation in | L. H. Hemplemann. 


Animals and Patients. 
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2. Effects of radiation on humans, mammals, and other organisims (exclusive of 


genetic studies), $9,168,000—Continued 





Institution 


Stanford University..........- 


Tennessee, University of 


Texas Technological College__- 


Texas, University of, M. D. 


zuderson Hospital 
Tumor Institute. 


Tufts Collegeof.) 2k 1 FN 
Vanderbilt University__....-.- 
Western Reserve University... 


Wisconsin, University of 


Yerkes Laboratory of Primate 


Biology, Ine. 
Argonne 
Hospital. 


Argonne National Laboratory- 


Cancer Research 


Title 





Marine Biological Survey of Western Pacific 
with Special Emphasis in the Palau Island 
(Survey Area Includes New Guinea Region, 
Philippine, Caroline and Mariannas Islands). 

Biological and Medical Investigations with the 
70 Mev. Linear Electron Accelerator. 

The Response of the Reticulo-Endothelial 
System to X-irradiation. 


Investigator 





R. R. Harry, Jr. 


H.S. Kaplan, E. L. 
Ginzton. 
N. R. DiLuzio, 


A Study of the Effects of Cobalt-60 Gamma | W. M. Hale, 


Irradiation on Infection and Immunity. 

The Effects on Rat Behavior of Developmental 
Aberrations Induced by Ionizing Radiation 
in utero. 

Physical and Radiobfological Investigations 
with 22-Mev. X-rays and Electrons, as Com- 
pared with Cobalt 60 and 250-kilovolt X-rays. 


Study of the Effects of Radiation on Growth____| D 


Fetal Irradiation and the Patterns of Behavior 
Development. 

Investigations of the Biological Effects of Inter- 
nally Deposited Radioisotopes and Related 
Radio-Biology Studies, 

The Effect of Various Forms of Irradiation of the 
Brain on Learned ‘and Unlearned Behavior 
of Monkeys and Chimpanzees. 

Behavioral Effects of Lonizing Radiation on 
Chimpanzees of Various Ages. 

Biological Studies with High Energy Sources_-- 


Hemolysin Formation in X-Irradiated Rabbits_- 

Variations in the Haemagglutination, Electro- 
phoretic and Serological Properties in the Sera 
of Monkeys Exposted to Low-level Gamma 
Irradiation. 


Radiation Effects on Immunity to Ascites 


Tumors. 
Effect of Continuous Irradiation on Tumors_ --- 
Continuous Radiation Effects on Cell Division 
in Tissue Cultures. 
Cell Division Effects in Radiated Paramecium _- 
Beta Irradiation of Skin From Point Sources___- 
Biological Effects of Cosmic Rays__----..------- 


Organ Weight Changes in Irradiated Mice-__-.-.-- 


Studies on the Effects of Ionizing Radiation on 
Connective Tissue. 


Primate Radiobiological Program _-_.-.-..._-.--- 


Effects of X-Irradiation on Developing Em- 
bryos of the Grasshopper. 

The Effect of X-Irradiation on the Oscillation of 
Developing Egg Nuclei in Grasshoppers. 

Theory of Radiation injury and Lethality.-...-- 

Gamma-ray Toxicity: Lethality....__.-.---.--- 

Gamma-ray Toxicity: Histology, Hematology, 
Pathology 

Radiation. “ieftects on Reproduction in the 
Female Mouse. 

Effect and Dose-Exposure-Time Relation of X 
and Gamma Radiations on Avian Species 
Other Than the Chicken. 

Effect of Dose and Exposure time of Co-60; 
Gamma Rays on Mortality of Young Chicks. 

Departure from Additivity when Mixtures of 
Fission Neutrons and Co-60 Gamma Rays are 
Administered to Mice. 

Effects on Mice of Acute Irradiation with Fis- 
sion Neutrons and Co-60 Gamma Rays. 

“Recovery” After Irradiation of Mice with Fis- 
sion Neutrons or Gamma Rays. 

Chronic Irradiation of Mice by Fission Neutrons_ 

Relative Biological Effectiveness (RBE) of Fis- 
sion Neutrons and Co-60 Gamma Rays. 

Survival of the Chick Embryo as a Standard 
Radiobiological Test. 

Late Effects of Acute Irradiation with Fission 
Neutrons and Gamma Rays, 

Effect of Natural and X-ray Induced Aging on 
Susceptibility to Chemical Carcinogens. 


8. J. Kaplan. 
W. K. Sinclair, 


. Rapport. 
G. W. Meier. 


H. L. Friedell. 
H. F. Harlow. 


. W. Nissen. 
. L. Simmons, 


H 

E 

B. N. Jaroslow. 
C. W. Leone. 
GQ. A. Sacher. 


A. M. Brues. 

A. N. Stroud. 

A. M. Brues. 

A. M. Brues, A. N. 
Stroud. 

E. L. Powers. 

A. J. Finkel. 

A. M. Brues, H. Wal- 
ton. 

A. M. Brues, A. N. 
Stroud. 

F. Wasserman. 


R, J. Flynn. 
T. N. Tahmisian, 


Do. 
G. Sacher, D. Grahn, 
D. Grahn, G. Sacher. 
G. Sacher, D. Grahn, 
M. H. Sanderson, 8. 
P. Stearner. 
8. P. Stearner, M. H. 
Sanderson. 
Do. 


H. H. Vogel, Jr., J. W. 
Clark, 


Do. 
Do. 


Do. 
Do. 


H. H. Vogel, Jr. 
H. H. Vogel, Jr., et al. 
H. Ducoff, H. Lisco. 
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2. Effects of radiation on-humans, mammals, and other organisims (exclusive of 
genetic studies), $9,168,000—Continued 


Institution 


Brookhaven National ' Lab- 


oratory. 


California, University of, at 
Los Angeles (Atomic Energy 
project). 

California, University of, Ra- 
diation Laboratory. 

General Electric Co., Hanford 
operations office. 


Oak Ridge National Labora- 


tory 
inch wiles University of 
(Atomic Energy project). 


Tennessee, University of....-- 


Nationa! Academy of Sciences 
Atomic Bomb Casualty 
Commission. 

Columbia University_..._..... 

Stephen F. Austin State Col- 
ege. 

Los Alamos Scientific Labora- 


tory. 
Civil effects test program-_._._- 


| Effects of Radiation 


——— 


Production of Radiation of Desired Character--- 


Control of Radiation Distribution in Mam- 
malian Organisms. 

Effects of Radiation on Aging in Mice_-.._-_-.-- 

Effects of Radiation on Animal Metabolism _-__- 

The Acute Effects of Radiation in Mammals_-_- 

Radiation Piolocy= ise See Peo ee eee Se 


Biological Effects of Radiation. ......-...-.-..-- 
Beta Irradiation of Bite ied. th 


Relative Biological Effectiveness______..-.-_-_-- 
Radiosensitivity of the Gastrointestinal Tracts_- 
Radiation Effects on Biological Systems---___-- 


Studies on the Hemorrhagic State and the Meta-: 
walle of Animals Exposed to Ionizing Radia- 


Study. of the Morphological and Physiological 
Alterations of the White Cells Using Normal 
and Irradiated Animals. 

Studies of the Endocrine Imbalances in the Ir- 
radiated Animal. 

Effects of X-Irradiation on the Aging Process in 
the Rat. 

Acute Radiation Effects on Whole Body X-Ir- 
radiation in Animals, 

Effect of X-Irradiation on Spermatogenesis in 


Dogs 

Clinica an and Biochemical] Studies of the Irradi- 
ate 

Drosophite Melanogaster as a Tool in Radio- 
biologic and Toxicologic Investigation. 

Radiation Effects on Reproductive Functions 
in Farm Animals, Sperm Physiology. 

External Radiation Studies With Large Animals_ 

Studies of the Radiation Effects of the Atom 
Bomb on the Survivors of Hiroshima. and 
Nagasaki, Japan. 

Biological Action of Ionizing Radiation. In- 
strumentation for Research. 

The effect of Radiation on a Natural Population 
of Peromyscus gossypinus (field mouse). 

Bio-Medical Problems in Atomic Energy Opera- 
tions. 

Radiological Countermeasures... -_------------- 

Biological Assessment of Blast Effects_........-- 

Physical Response to Blast Loadings-_.._.._..-- 


Investigator 


L, E. Farr, 
Do. 

Do. 
H. J. Curtis, 
L Nims. 
H. Quastler. 
T, Hennessy. 
C. Tobias, J. Born. 
L. K. Bustad. 
F, P. Hungate. 
R, C, Thompson, 
A. Hollaender. 


L. Tuttle, L. Miller. 


M. Ingram. 


S. Glasser. 
F. Brayer. 
J.-B. Hursh. 
L. Steadman. 
J. Hursh, G. Casarett. 
W. Mason. 
L. Tuttle. 
R. Baxter. 
J. A. Ewing. 


Do. 


G. Failla. 
W. M. McCarley. 


P. C. Tompkins. 
C. S. White. 
L. J. Vortman, 


Radio-Ecological Aspects of Nuclear Fallout--.- Kk. H. Larson. 


Instrumentation anU Dosimetry.......-.----<.- 


-R, L. Corsbie. 
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3. Treatment and methods of ameliorating radiation effects, $1,338,000 








Institution Title Investigator 
Buffalo, University of.....---- Immunological Factors in Bone Marrow Trans- | E. Witebsky, M, L. 
plants. Bloom. 
Children’s Medical Center, |} The Nature of Bleeding in Pancytopenia With | 8. Farber. 
Boston, Mass. . Special Regard for Thrombocytopenia and ; 


the Vascular Defect. 
Jefierson Medical College of | Transplantation of Preserved Marrow Between | L. M. Tocantins. 


Philadelphia, Animals and From One Human to Another. 
Mary Imogene Bassett Hos- | The Collection, Storage and Use of Human | J. W. Ferrebee, E. D. 
pital. Bone Marrow. Thomas. 
ape General Hos- | The Collection, Storage and Use of Human | B. Castleman, J. W. 
tal. Cadaver Marrow. Ferrebee. 
ee a England Center Hospital_| Bone Marrow Research Project..____-__-_---___- W. Dameshek, 
Physiopathology of Platelets and Development Do. 


of Platelet Substitutes. 
New York, Research Founda- | Experimental Transfusion of Bone Marrow Into | J. H. Ferguson, M. F. 
tion of State University of. Rabbits After Total Body Irradiation,_______- Hilfinger. 
Parke, Davis &;Co----<...-... Factors Elaborated by Animal Tissues Which | J. K. Weston. 
, Stimulate Rate of Regeneration of Hemotopo- 
jetic Organs of Animals Exposed to Total Body 
Irradiation With Gamma Rays. 
Southwest Foundation for | An Investigation of the Production and the | N. T, Werthessen, 
Research and Education, Possible Isolation of Substances Capable of 
Stimulating Recovery From Radiation. by 
Utilizing Techniques of in vitro Maintenance 
of Spleen and Other Organs, 


Tennessee, University of-_-..-- Physiology of Water and Ionic Balance in Mon- | R. R. Overman, 
keys Subjected to Whole Body Radiation. 
ABYiv1: Bay hoe des Og Protective Action of Bone Marrow Perfusates Do. 
and AET in Irradiated Monkeys. 
Wme University._2.21.~-. seet Biologic Implications of Isologous and Heterol- | J. W. Hollingsworth, 


ogous Bone Marrow Repopulation in Irradi- 
ated Animals. 


Argonne Cancer Research | Radiation Recovery Factor_..-.-.-------.------ E. Goldwasser, 
Hospital, 
Differential Reduction in Radiosensitivity__-.-- L. O. Jacobson. 
Argonne National Laboratory_| Radiation Protection and Therapy------_------- ag tts Monel. Jr., Je 
. Clark. 


Radioelement Metabolism in Humans; Mech- | H.S. Ducoff. 
anisms of Spleen Protection. 
Protective Factor in Plasma Protein. ...-..----- As. i. Bee; A.N; 
roud, 
Protective Effect of Non-Irradiated Protoplasm | E. W. Daniels. 
in Supralethally  X-Irradiated. Protozoan 
Animals. 
Role of Hydrogen Peroxide and Catalase in Ra- | R. N. Feinstein. 
diation Lethality. 
Phenothiaziné Derivatives and Other Sub- Do. 
stances as possible Protective Agents Against 
the Lethality of Ionizing Radiation. 


Protective Mechanisms in Radiation Injury----- H.M. Pratt: 
Therapy in Radioelement Poisoning. -..--1--.-- J. ON M. 
Thite. 
Radiation Protection of Chicks by Means of | J. P. Stearner, M. H. 
; Vasoconstrictor Drugs. Anderson, 
Brookhaven National Labora- | Combating Radiation Detrimental Effects. eee H., Curtis. 
tory. j 
Oak. Ridge Nationa] Labora- | Radiation Protection, Living Cells._-.-.--..-.-- A. Hollaender, 
tory. 
Mammalian Radiation Recovery---------------- C. Congdon. 
Rochester, University of | Studies on Therapy of the Radiation Syndrome | 8, Michaelson. 
(Atomic Energy project). With Attempted Control of Infection, Hemor- 


rhage and Nutritional and Humoral Imbal- 
ances by Standard Medical Procedures. . 
Clinical Treatment of Radiation Injury. Tol- | J. Howland. 
erance of Animals to Repeated Sublethal 
Radiation Dosages. Study of Recovery Pat- 
tern Following Lethal Dosage of . Ionizing 
Radiation. 
Effect of Varied Nutritional States on the Sur- | T. Noonan. 
vival and Recovery Process of the Irradiated 
Rat with Particular Interest on Aging, 
Anemia, and Partial Body Exposures. 





98299°—57—pt. 2——26 


1404 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


4. Genetic effects of radiation 


(2) STUDIES OF HUMAN GENETICS AND OF GENETIO EFFEOTS OF RADIATION ON 


HUMAN OELLS AND TISSUE CULTURE, $154,000 


————— eee 


Institution — Title 





Johns Hopkins University....-|- The Effects of Ionizing Radiations on Gene and 
Chromosome Mutation Rates in Normal 
Human Cells in Tissue Culture. 

Long Island Biological Asso- | The Study of Spontaneous and Induced Genet- 


ciation. ic Changes in Mammalian Cells Grown in 
Tissue Cultures. 
Michigan, University of.....- Development of Information Concerning (1) 


Human Mutation Rates; (2) The Accumula- 

tion of Deleterious Recessive Genes in Human 

Populations; and (3) The Manner of Action of 

Selective Factors on Both Contemporary and 

Primitive Human Populations. 

Study of Consanguineous Marriage in Japan_-_-- 

Wale sUnlversity 2. scenes et oes Radiation Effects on Mammalian Chromosomes 

in Tissue Cultures. 


Investigator 





H. B. Glass, 

M. Demerec and 
B. P. Kaufmann. 

J. V. Neel. 


Do. 
N. H. Giles. 


-—-erwre— 
(6b) EXPERIMENTAL STUDIES OF THE GENETIC EFFECTS OF RADIATION ON SPECIES 


OTHER THAN MAN, $1,314,600 


—_————__ _—_--————rrrr—r—r——————————————————————— errr 


Columbia University......_.- ee ot aes in Populations of Wild 
ouse Mice. 
Iowa State College of Agricul- | Quantitative Study of Lifetime Sickness and 
ture and Mechanic Arts. Mortality and Progeny Effects Resulting 
From Exposure of Animals to Penetrating 
Irradiation. 
Oregon, University of__.-...-.- ge yithce fey in Population Genetics and 
colegy. 
Roscoe B. Jackson Memorial | Quantitative Population Genetics of Mice 
Laboratory. Under Irradiation. 
Attempt to Delineate Inborn Anemias in'’Mice_- 
Texas, University of........-.- Direct and Indirect Effects of Radiation on 
“dere, Developmental Systems of Verte- 
rates, 
Amherst College__.-.....-..... Genetic Effects of Acute and Chronic Low Level 
Irradiation with Cobalt 60. 
Arkansas, University of......-. Developmental-Genetic Study of the Effects of 
X-ray Irradiation in Drosophila virilis and 
Bufo valliceps. 
Brown University_...........- Radiation Effects on the Cytoplasm of Habro- 
bracon eggs. 
Chicago, University of......-- The Genetic Functioning of Heterochromatin__- 
Columbia University_........- ar a ond Genetics of Species of Droso- 
phila. 
Delaware, University of......- The Relation of Genome Number to Radiosensi- 


tivity in Habrobracon. 

Indiana University Founda- | The Influence of Radiation in Altering the Inci- 

tion. dence of Mutations in Drosophila. 

Johns Hopkins University-..... The Action of Radiation and Other Mutagenic 
Agents—(1) In Inducing Mutation in Droso- 
phila Females; and (2) In Controlling the 
Action of a Specific Gene Responsible for 
Suppressing Uncontrolled Growth. 

Long Island Biological Asso- | Adaptive Value of Experimental Populations 

ciation, Inc. Exposed to Radiations. 

Mississippi, University of_..__- Chromosome Breakage in Oocytes of Drosophila._ 

North Carolina State College | The Genetic and Developmental Effects of In- 

of Agriculture and Engineer- gested Radioactives in Habrobracon. 


ing. 

North Carolina, University of.| A Study of Genetic Recombination as Influenced 
by Mutagenic and Nonmutagenic Environ. 
mental Agents. 

Northwestern University.._... Studies on the Radiation Genetics of Drosophila 
melanogaster Females. 

Pennsylvania, University of...| Mutation Rates in Mormoniella__.._.._._.-____ 

Pittsburgh, University of......| Genetic Potential of Certain Populations of 
Drosophila persimilis from the Sierra Nevada 
of California. 

Texas, University of—M. D. | The Effects of Radiations on the Genetic System 

Anderson Hospital and Tu- of Organisms in Relation to Their Physiologi- 
mor Institute. cal and Biochemical Systems, 


L. C. Dunn. 

J. W. Gowen and 
J. Stadler. 

D. L. Jameson. 

E. L. Green. 

E. §. Russell, 

W. F. Blair. 

H. H. Plough, 

F, E. Clayton. 


W. Kenworthy, 


W. K. Baker. 
T. Dobzhansky, 


A. M. Clark, 
H. J. Muller, 
H. B. Glass, 


B, Wallace. 

D. R. Parker. 
D.S. Grosch, 
M. Whittinghill. 
R. C. King. 

P. W. Whiting, 
E. B. Spiess, 


M. L. Alexander, 
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4. Genetic effects of radiation—Continued 


(() EXPERIMENTALSTUDIES OF THE GENETIC EFFECTS OF RADIATION ON SPECIES 
OTHER THAN MAN, $1,314,000— Continued 
eee 











Institution Title Investigator 
Texas, University of.........-- Research on Direct and Indirect Effects of Radi- | W. 8. Stone. 
ations on the Genetic Systems of Organisms, 
Emory Universitys..--2---22.. Study of the Influence of Oxygen Level and Tem- | A. V. Beatty. 


: perature on the Effects of Icnizing Radiation. 
Florida, University of Agricul- | Recovery of Radiation Induced Micromutations | A. T. Wallace and 


tural Experiment Station. in Oats by Recurrent Selections. F. H. Hull. 
Harvard University—-Bussey | The Biological Effect of Radiation; Effects of | Karl Sax. 
Institution. Trradiation on Chromosomes. 
Johns Hopkins University---.- Modification by Supplementary Agents of the | C. P. Swanson. 
Rates of Induced Chromosome and Gene 
Changes. 
Minnesota, University of-...-- The Genetic Basis and Practical Significance of | R. 8. Caldecott. 


Mutations Induced-in Oats and Barley with 
Ionizing Radiations. 
Purdue Research Foundation_| Genetic Effects of Thermal Neutron Irradiation | A. B. Burdick. 
in Homozygous Tomatoes. 
Washington, State College of..| A Study of Factors that Govern Radiosensi- | R. A. Nilan. 
tivity in Plants. 
‘ale? Vai versity sense 2 200 et Investigations on the Cytogenetic Effects of | N. H. Giles. 
Radiations. 
Argonne National Laboratory.| Cytology with Special Reference to Radiation | B. R. Nebel. 
Effects in Animal, Plant and Human Nuclei. 
Genetie Resistance to X-Irradiation in Inbred | C. A. Leone and H. M. 


Lines of Mice. Patt. 
Genetics of Radiation Toxicity..:......-....-..- a6 re and G, A. 
acher. 
Radiation—Induced Recessive Mutations in | H. M. Slatis, 
Miee. 
Oak Ridge National Labora- | Genetic and Developmental Effects of Radia- | W. Russell. 
tory. tion on Mice. | 
California, University of Ra- | Radiation and Mutation Rate___-_...- Fe Shee lie C. Stern. 


diation Laboratory. 2 
Oak Ridge National. Labora-. | Genetic and Cytogenetic Effect of Radiations--- ra net and R. 
tory." imball. 
Brookhaven National Labora- | Radiation Mutations in Plants. -..-....--.------ C. Konzak. 
tory. 
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5. Biochemical and microbiological studies of radiation effects, $1,472,000. 








Institution Title 
Arkansas Medical School, | Studies on the Biochemical and Nutritional 
University of. Aspects of X-Radiation Injury. 
Arkansas, University of......- Sas oh ie of Radioisotopes by Vertebrate 
mbryos 
Brown University_...-..--...- Penetration of the Gut Wall by Intestinal Bac- 


teria After X-Irradiation. 

The Genetic and Cytological Effects of High 
Energy Radiation. 

Studies on the Mechanism of Action of Ionizing 
Radiations. 

Yhristian Brothers College. ..- peiseee ss Complexes with Amino Acids and 

eptides. 

Study of the Action of Radiation on Deoxypen- 
tose Nucleic Acids Having Biological (‘Trans- 
forming) Activity. 

Cytological and Genetic Studies of Bacteria as 
Related to Effects of Radiation. 

The Effects of Ultraviolet Light and Gamma 
Rays on Cell Lipids and the Physiological 
Action of Irradiated Lipids. 

Concentration of Mineral Elements in the Fetus 
and the Relationship to Placental Transfer of 
These Elements. 

Studies of the Effects of Radiation on the Bio- 
synthesis and Degradation of Nucleoproteins 
and Its Modification by Various Agents. 

The Biochemical Properties of Microsomes and 
the Effects of Radiation on Them. 

A Study of Metabolism and Active Transport of 
Certain Divalent Metals in Tissues and in 
Isolated Mitochondria, with Special Atten- 
tion to the Possible Role of Complexing Agents 
in These Processes. 

Biochemical Changes Resulting from Mutations 
Induced by X-rays, Ultaviolet, and Nitrogen 
Mustard. 

Studies on the Physiology of Marine Organisms 
Using Radioisotopes. 

Effects of Radiation on the Intermediary Metab- 
olism of Mammalian Skin. 

Studies with an X-ray Monochromator and X- 
ray Irradiation Service Operation. 

The Biochemical Effects of Radiation: The 
Effect of Ionizing Radiation on Nucleic Acid 
Metabolism. 

Notre Dame, University of....| Mechanisms Involved in the Action sof Radia- 

tions on Living Cells. 

Oklahoma, University of Re- | The Cytology and Genetics of Radiation Resist- 
search Institute. ance in Bacteria. 

Pennsylvania, University of...| The Internal Organization of Normal and Phage- 
Infected Cells as Influenced by Radiation. 

The Effect of X-ray Radiation of the Lipids of 
the Skin. ° 

Study of the Correlation of Radiation Effects 
with Physical and Chemical Changes in 
Viruses. _ 

The Effect of Ionizing Radiation on Biochem- 
ical Compounds. 

Biological Effects of Radiation, and Related 
Cancer Research. Bio-Chemical and Physical Studies. 

Southern California, Univer- | Effect of Radiation on Intestinal Absorption 
sity of. and Metabolism of Fats and Carbohydrates. 

Botthers Tilinois University... The Effects of X-rays and Ultraviolet Radia- 
tion on the Multiple Manifestations of a Gene 
Together with Genetical Analysis of the Radi- 
ation Induced Variations and the Effects of 
Extracts from Unirradiated Cells on the 
Repair of the Genotypes of Irradiated Cells. 

Study of the Relation of Rickettsial and Viral 
Infections to Radiation Injury. 

A Survey of the Effects of Radiation on Ani- 
mals Parasitized with Taenia pisiformis, on 
Parasites of the Irradiated Animals, and on 
the Parasites per se. 

The Genetic and Biochemical Effects of Radia- 
tion on Bacteria. 

Study of the Absorption and Metabolism of 
Lipids and Vitamins, and the Alterations 
Which Occur in Acute Radiation Injury. 


sey iat Institute of Tech- 
nolo 
Dnieees, University ofj......- 


Columbia University...-.-...- 


Cornell University.....---...- 

Duke University_........-..-- 

Florida, University of....-...- 

George Washington Univer- 
sity. 

Hahnemann Medical College 


and Hospital. 
Johns Hopkins University....- 


Marine Biological Laboratory- 
Michigan, University of-.....- 


Philadelphia General Hospital 
Pittsburgh, University of-.....- 


Reed Colleseueecels vss. eae 
Sloan Kettering Institute for 


St. Louis University.........- 


Tennessee, University of....-- 


Texas, University of........... 
Vanderbilt University_.......- 





Investigator 





P. L. Day. 

P. M. Jonston. 
M. H. Hatch. 
G. W. Beadle. 
E. 8. G. Barron. 
E. J. Doody. 


8. Zamenhof, 


M. R. Zelle. 


K. M. Wilbur, F. 
Bernheim. 


G;._K. Davis, h.s U, 
Shirley, A. Z 


Palmer. 
P. K. Smith. 


J. 8. Roth, 
H. J. Eichel. 
L. 8. Maynard, 


W.D. McE!Iroy. 


P. B. Armstrong. 
I, A. Bernstein. 
H. J. Gomberg. 
R. L. Potter. 


O. S. Bachofor. 

J. B. Clark, 

8S. Mudd. 

H. P. Schwarz. 

M. A. Lauffer. 

A. F. Scott, A. H. 
0. P. Rhoads. 

R. B. Alfin-Slater, A. 


L. 8. Cheng. 
C. O. Lindegren, 


D. Greiff. 
A. W. Jones. 


O. Wyss. 
W. J. Darby. 
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§. Biochemical and microbiological studies of radiation effects, $1,472,000—Con. 
Eee RTT EP SO a ae OT EN EEN Neer hs ee ated LEN cettehnas le 


Institution 





Virginia, Medical College of... 
Virginia, University of.......- 


Western Biological Labora- 
tories. 


Worcester Foundation for Ex- 
perimental Biology. 


Argonne Cancer Research 
Hospital. 


Argonne National Laboratory. 


Brookhaven National Lab- 
oratory. 


California, University of, at 
Los Angeles (Atomic Energy 
project). 


California, University of, Ra- 
diation Laboratory. 

Oak Ridge National Labora- 
tory. 


Title 





: 

An Investigation of Certain Tissue Protein 
Changes in Irradiated Animals. 

A Study of the Kinetics and Reactivity of Cell 
Surface Components as Affected by. Ionizing 
Radiation. 

Further Studies of an Unidentified Factor in 
Liver which Prolongs Survival of Animals 
Administered Multiple Sublethal Doses of 
X-Irradiation. 

Investigation of the Effects of Radiation on the 
Biosynthesis and Metabolism of Adreno- 
cortical Steroids. 

Effects of Ionizing Radiation in Protein Metab- 
olism in the Human Being and Experimental 
Animals, 

Iron Uptake by the Bone Marrow of Irradiated 
and Control Rats. 

Radiation Effects on Dry. Bacterial Spores--___. 


Mutagenic Effeets of O-14......-..----- ee 


Biochemical Studies of Effects of X-Irradiation.. 

Dependence on Radiation Dose Rate of Oxida- 
tion or Reduction of DPN/DPNH in Living 
Systems. 

Cytochemical Studies of Nucleic Acids in Irradi- 
ated Tissue Cultures. 

Radiation Effects on the Mating Reaction in 
Paramecium bursaria. 

Radiosensitivity of S-adenosylmethionine-form- 
ing System in Animal Tissues, 

Biochemical Changes in Irradiated Animals____- 

Effects of Radiation on Enzymes_______--___-_-- 


Biochemical Effects of Radiation in Mammals_- 
Effects of Radiation on Large Molecules_-_-_____- 
Radiation Meta bolisnis <- 3+ 22sec se 


Tissue Transplant—Effects of Irradiation...__-- 
Metabolic Radiobiology_.._2..__.-.__..--__-___- 
Distribution and Metabolism of Trace Elements- 


Effects of Radiation on Paramecium~-.-___-.____- 


Investigator 


——— 


H. G. Kupfer, N. F. 
Young. 
H, Jonas, 





B. H. Ershoff, 


G. Pincus, 


R. J. Hasterlik, 
E. I, Pentz, 


H.H. Vogel, 
J. W. Clark, 


_ N.S. Scully. 
E, K. Bernstein. 
T,. N. Tahmisian, 


A.M. Brues, 
A.N. Stroud, 
C, F, Ehret, 


P, D. Klein. 


J. F. Thomson, 
L. Augenstine. 


_F, Sherman. 


D. Fluke. 
L. Bennett. 


B. M. Allen, 
O. Schjeide, 
C. Tobias. 


R. Kimball. 





BiGDINVEICS 25-2 ee See Ee ee eee J. Kirby-Smith, 
Rochester, University of | Effects of Radiation on the Biosynthesis of | K. Salomon, 
(Atomic Energy project). Hemoglobin, weak } 
The Effect of Various Radiations on Bacterial | G. Whipple. 
Systems, 
6. Environmental studies, $52,000 
Institution Title Investigator 


South Carolina, University of_| An Ecological Study of the Fishes of the Savan- 


Texas <A. 
Foundation. 


nah River Drainage. 
An Ecological Study of the Flora and Fauna of 
the Savannah River Plant Area. 


& M. Research | A Study of Some Factors Involved in the Dis- 


posal of Radioactive Wastes at Sea. 


Washington, University of-.._| Determination of Relationships Between Tem- 


pee tuae Lapse Rate, Wind Speed, and Wind 
hear (Atmospheric Turbulence Study). 


H. W. Freeman, 
W. E. Hoy. 

R. G. Bader. 

F, I, Badgley. 
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%. Dosimetry research: The development of improved methods of measuring’ 
radiation, $1,026,000 - 





Institution — Title Investigator 








U.S.Army Corps of Engineers.|Program of Research and Development on |N. -F. Blackburn. 
Scintillation Crystals. 


Commerce, U.S. Department | Radiation Monitoring Systems__..2............- L. Costrell. 
eB abfeces Bureau of Stand- 
ards. 
Commerce, U.S. Department | Radiation Shielding Problems. ...2..........-.- H. O. Wykoff. 
of, ahora Bureau of Stand- 
aras. 
Columbia University_........- Attenuation of Scattered Cobalt 60 Radiation | C. B. Braestrup. 


in Lead and Building Materials. 
Evaluation of Aerosol Filters and Impactors | V. K. LaMer. 
Having Chemically Different Surfaces. 
Levinthal Electronic Prod- | Study of Scintillation and Other Related Prop- | W.J. Van Sciver. 


ucts, Ine. erties of NaI Crystals. 
Argonne National Laboratory.| Dosimetry of Mixed Radiations: Fission Neu-:| H. H. Vogel, Jr., J. W. 
trons and Gamma Rays. Clark, 
Tissue Dose Distribution of Soft X-rays_.......- a alta, GAs 
, acher. 
Radiation: Dosimetryen sis csc te ts eet L. D. Marinelli. 
California, University of, at | Chemical Dosimeter Development_.-..-___-_-_- G. Taplin. 


Sates (Atomic Energy San Counter Development for Medical | B. Cassen. 

roject). se. 

General Electric Co., Hanford | Analytical, Bio-assay and Counting Methods...| D. W. Pearce. 
area. 


Special Studies and Monitoring Methods_....-- Do. 
Gamma and Beta Ray Dosimetry--.--...-.-...-- Do. 
Neutrom Dosimetry =n: re re eS os e_e - Do. 
Knolls Atomie Power Labora- | Investigation of Fast Neutron Effects on the | T. M. Snyder. 
tory, Schenectady. Electrical Properties of Semiconductors in the 
Energy Range From About 0.5 to 18.0 Mev. 
Development of an Electron Microscope Capa- Do. 
ble of Resolving Individual Atoms. 
Oak Ridge National Labora- | Radiation Dosimetry__._.-_._-.-2.-./..-.-.---2 G. S. Hurst. 
tory.: : 
Rochester, Unversity of--....: Measurement of Radiation Dose to Lungs From | W. Bale, A. Dahl. 


Radon and Thoron Degradation Products. 


Dr. Dunuam. I call your attention to the first page of that in which 
it says that there are only four people working on environmental 
studies. The reason that happened is that in the hurry to get this 
material to you, we failed to take cognizance of the fact that most of 
the environmental studies now going on are lumped under the first 
group, sampling and analysis of radioactive fallout. So that this 
figure here looks very small, but that does not mean that we are not 
doing extensive studies in Nevada, and elsewhere, but they are listed 
in item 9. 

I would like to at this point call. upon Dr. Shields Warren, with 
your permission, to say a few words about research in this area. - - 

Representative Horirmip. I was going to ask Dr. Warren and Dr. 
Brues and Colonel Bach and Dr. Shelton if they wanted to comment 
on your statement. 

Dr. Warren, will you lead off? 

Representative Cotz. May I interrupt for a moment to express my 
personal admiration for the appearances Dr. Dunham has made 
throughout these hearings and particularly this morning. I have 
been tremendously impressed with his grasp of the problem and his 
knowledge of the details of it. I congratulate you on it. I think the 
Commission is very fortunate in having a person of your capacity as 
Director of the Division of Biology and Medicine. The public is 
fortunate in having you as a public servant. I compliment you in the 
highest terms. I am very much impressed, and I am amazed that a 
person of your talents is willing to sacrifice your life to work for the 
Government for the pittance that you get. 
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Dr. Dunuam. Thank you very much, Mr. Cole. 

Representative Van Zanpr. | have a question of Dr. Dunham. For 
the benefit of the record, can you describe briefly what happened to 
the animals that were on the Marianas in the 1954 test? There were 
45 or 47 of them, as I recall. Are you familiar with the study on 
those animals ? . 

Dr. Dunuam. In the Marianas? 

Representative Van Zanpt. On the Marshalls. 

Dr. Dunnam. You mean the animals on Rongelap. Some of them 
were recovered almost immediately and taken to the Naval Radio- 
logical Defense Laboratory where some were sacrified immediately to 
find the body burden and some were kept for a period of months to 
discover the excretion rates and more recently a few more animals 
were found at the recent survey and similar studies have been done at 
the Radiological Defense Laboratory. 

Representative Van Zanor. Is it possible for you to prepare a short 
statement giving the history of those animals and make it a part of 
the record ¢ 

Dr. Dunuam. I would be happy to do so. 

(The information referred to follows :) 


UNITED STATES ATOMIC ENERGY COMMISSION 
Washington, D. C., June 28, 1957. 


Mr. JAMES T. RAMEY, 
Executive Director of the Joint Committee on Atomic Energy, 
Congress of the United States, Washington 25, D.C. 

Dear Mr. RAMEY: Enclosed is a statement giving the history of the animals 
on Rongelap which Representative Van Zandt requested us to furnish for the 
record during the fallout hearings on June 7. 

Sincerely yours, 
CHARLES L. DUNHAM, M.D., 
Director, Division of Biology and Medicine. 


Animals (swine, ducks, chickens) present on Rongelap Island were permitted 
to continue to live on the island and then were collected at time intervals up 
to about 2 months after the fallout had occurred. They were then sacrificed 
serially up to 6 months after the time of detonation. Under these conditions 
it is estimated that intake of the fallout material may be higher from consum- 
ing foods having external contamination than through the soil-plant-animal cycle. 
It would be expected that the eating habits of animals would result in greater 
intake of such material than for humans. Yet after living in this environment 
during the 2 months of heaviest contamination there were no significant gross 
changes nor pathological changes which could be ascribed definitely to radiation 
at the time of the examination (sixth month). A summary of the data is con- 
tained in the tables 1 and 2 attached, taken from Some Effects of Ionizing Radi- 
ation on Human Beings. 

Analyses of a rooster and some rats that lived for 2 years in that area before 
collection and sacrifice, yielded similar negative pathological results. Table 3 
summarizes these data. It will be noted from this table that the internal 
deposition of strontium 90, the isotope of greatest concern, is less than the 
maximum permissible concentration for adult atomic energy workers (1,000 
sunshine units). Yet during this period of time the external radiation dose 
out-of-doors was at least 400 roentgens. These data definitely indicate that 
for times immediately following a detonation the external gamma exposure 
would be the dominant hazard. 

A full account of these data may be found in Some Effects of Ionizing Ra- 
diation on Human Beings, and the forthcoming publication Radiological Con- 
tamination of Certain Areas in the Pacific Ocean From Nuclear Tests. Both 
of these documents can be obtained from the Superintendent of Documents, 
United States Government Printing Office, Washington, D. C. 
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TABLE 2.—Radiochemical analysis of tissues and urine of pigs from Rungelap on 
82d day postdetonation 


; BETA ACTIVITY—D/M/TOTAL SAMPLE 
Raa onal ll Ree ok ie 6 ee aed Bde ta he 


; 


Gross Sr30 Mae alte Total rare 
Sample . activity x 1078 x 1072 earth 


x 10-3 x 10-8 





Pig #24 (25.8 kgm): 


SONY (POUR) eb cache lek tate cnc pone nesetnennmer- 8, 890 5, 660 660 ~ 1,010 
URS pope ge PE Le Be aoe le ee ee 31 0. 40 0.33 6.4 
OMAN CONGENTS 31s 2 Jt ret cei ce tere tt 12 5.0 2.4 3.2 
MEI LY OUTTA cea Re re te nes Ss Ieee; 1.5 0, 22 0. 20 0.8 
SLU a 2h MR 9 Gah ah Dee an ee i ol Ses i) 0, 22 1.1 La 
PnteswiMe sina) seel et ee be ibe! ot 2.3 0. 62 0. 50 0. 51 
TONG eerste ee} Bert ober! oy a cvepe pe 3.3 0. 21 0. 42 0. 74 
isa apharaignles HEC LCM Go 2 Se VS pede le See ete] CA (aes Se Ned See OO ET! Sao A 
Ota cee eee s Sect A EE hie © 9, 630 5, 667 665 1, 020 
Urine sample, 24 hours.._....--.-- beth. eh TN Cy 13 8.7 122 Ag 
Pig #25 (22.7 kgm): 
eeCIELGIE (ROG) 2 Sexttee seb te TL BOP at Sees t 8, 600 5, 100 630 620 
aratel feet to eee ot eG Ose PSs Fo ee 27 0. 0. 20 515. 
Oolonmnd contents... o) i222 22. act e cous eect 16 5.0 3. 2 4.9 
REE ret 2 ened eel ai Ae tiated te DN 11 0. 26°]: 0. 23 0.33 
SHRM Ruel dee Bowe BSL P a be cea ees PAS Re Sed dee 2.0 0. 29 0.13 0.39 
Tatestine (simall).t wed feet else cect seek , 2:6 0. 88 0. 88 0.88 
padmiey eae BE eee ee we Ae te ee 3.1 0.14 0.19 0. 52 
CTT Tag SGI U2 Oe eh a, ae ee D2lets |Sasee east e (tou aoe eee een ee 
BOLE S sep tated aed Siow ae. SOR he Obes cere E _S 8, 870 5, 107 534 702 
Presa OIG 24 OUTS senene eee eee 6. 2 4.4 0. 40 0. 54 
SUMMARY 
Gross beta activity Skeleton Total body Urine (24 
Hrs) 
Sens awe skeet DEOENS (A P07 VID. Tie 2b SI 62.0 58.0 | 69.0 
Wg fo aS e* hs Ta ER eae ices bt, LE ke Ps Sh a 6.8 6.5 7.9 
SESS 2 ee ee ae ee Sr eee Se ee ee Ll Bee. 9.7 9.0 10. 5 
78. & 73. 6 87.4 


All values corrected for decay. 


TABLE 3.—Analysis of rats and a rooster collected on island of Rongelap 


February 19561 
Wet weight d/m Sr-90/ 





sample 
Ca/sample (gm)! Sunshine units 
MMR CAC 2 eg tad 44.7 642+23 0. 533 545+19 
ne, dele Se Oe eis Ole ee 62.5 3154-62 .315 453+90 
eee ers soe eee ee re 32.3 367421 » 303 470+27 
Rooster: 
LSS Ogee ee a ae ai 8 26.0 1, 2104-39 5.19 105+3 
et Re a 41.0 6, 702+119 9. 50 272+5 
OOOO = —eoeeewexx« eee 
, July 1956 4 
§r-90 
Calcium Sunshine units 
NE ETE LIE OE 2454-5 d/m/g/wet_-| 171-9 mg/g wet--- 644 





1 Naval Radiological Defense Laboratory. 
Does not include head, femurs, tibiae, and viscera. 
* Dry weight of 2 femur halves. . 
* Applied Fisheries Laboratory, University of Washington. 
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Senator Anperson. I would like to have you see a letter that a 
Senator from Nevada received, and I will read it aloud. You tell me 
bow you would feel if you were the Senator from Wyoming. I will 
leave the doctor’s name out until I have his permission to insert it in 
the record. I guarantee it is an authentic signature of a radiologist at 
Reno, Nev. 


The May 28 nuclear tests here in Neveda were of considerable concern to me 
as a doctor and a radiolegist. The fallout as measured on my radiation survey 
meters was anywhere from 38 to 6 times above the acceptable tolerance level (that 
is 2 milliroentgens per hour or 50 milliroentgens per day) for the first 48-hour 
period. The local newspapers quoted reassuring phrases from the AEC to the 
effect that the above intensity of fallout was negligible and without danger and 
that the halflife of the radiation sources was calculated to be 12 hours. 

This last statement is erroneous. One of the rules which the AEC enforces 
among users of radioactive isotopes is that residues of such isotopes be kept 
stored under appropriate protected conditions for 10 half lives, which is a 
period of decay, at the end of which the radioactive material is considered im- 
potent. Yet, I find that after 10 half-life periods here in Reno there is still a 
1.2 milliroentgen per hour radiation present. Actually, if the original informa- 
tion were accurate, at the end of the 10 half-life period it should be hardly de- 
tectable by my survey meters. This can mean one of two things: Hither the 
estimated half life was in error or we have been revisited by fallout material 
dependent upon wind changes. 

It is quite true that 50 milliroentgens per day (or 2 milliroentgens per hour) 
is considered to be of tolerance level. However, we must consider that all 
radiation received by this population is on an accumulative basis; and if we are 
to be periodically exposed to this much radiation, the accumulation can mount 
up to levels, which in the light of our present medical knowledge, becomes quite 
significant and hazardous. Actually, no one knows at exactly what dose level 
significant genetic changes and malignant tumors may suddenly appear in the 
human. So, it behooves us to practice utmost caution at all times in this regard. 

Politics, physics, and medicine seem to be primarily concerned with nuclear 
tests and observation. But, from where I sit, only the medical man seems most 
keenly concerned with the future possibilities of these radiation dangers. So, 
I wish to add my protest to the situation which exists here in Nevada, I want 
more assurance that there is justification for continued testing, and I wonder 
if testing grounds could not be removed to more remote, uninhabited areas of 
the world. 


Tam not going to worry about your comments on the latter two ques- 
peed what about these 10 half lives and what his testing devices 
show ? 

Dr. Dunuam. I don’t know what testing devices he has used. Dr. 
Dunning, a biophysicist in my division, who spends a good deal of 
time at the tests working closely with the radiation safety group and 
the Public Health Service there, has handed me a note to the effect 
that a dose of 50 to 100 millirep is now estimated for anybody who 
would continue to live in Reno for the rest of his life. 

SY Anverson. That is the estimate. What does that do to 
you? 

Dr. Dunnam. I think there has been a great deal of testimony dur- 
ing the past 2 weeks on the problem of whether there is a threshold 
at very low dose rates. This certainly is a low dose. 

Senator ANnprrson. Geneticists all seem fairly well agreed that 
there was no threshold. _ - 

Dr. Dunuam. That is correct. I don’t think there has been any 
question of the geneticists’ concept that the genetic effects are all 
cumulative, and at any level, high or low. 

Senator ANnpERsON. Would the Senator who got this letter be 
jot hee in answering the doctor and say you just have to grin and 

ear it? 
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Dr. DunuAm. I would like to put this somewhat into perspective. 
If this doctor were to fluoroscope a patient suspected of having an 
ulcer of the stomach or a cancer of the bowel, the dose to the gonads— 
here we are talking about genetic effects—would be somewhere in the 
vicinity of 20 to 30 or possibly more roentgens, not 50 to 100 milli- 
roentgens. 

(Note.—These figures, 20 to 30 roentgens, may be high. Pullman and Laugh- 
lin, in their preliminary edition of Section III: Gonadal Dose Produced by the 
Medical Use of X-rays of the Report of the Genetics Committee of the National 
Academy of Sciences Study of the Biological Effects of Atomic Radiation, give 
an estimate of the gonadal dose from a study of the colon as from 4 to 15. 
The gonadal dose from a study limited to the stomach only would be less than 
1 roentgen. This presupposes modern X-ray and fluoroscopy equipment and 
the taking of adequate precautions. ) 

Senator Anprerson. As Dr. Selove pointed out in that instance the 
doctor would weigh the possibilities for good along with the pos- 
sibilities for damage. In this particular instance there is no possibility 
for good. As far as the individual is concerned, he just gets damaged. 

Dr. Dunuam. That is correct to the extent that he would be dam- 
aged. I think that is one of the purposes of these hearings, that is, 
to point out and give the committee information on what factors have 
to i. weighed when we talk about testing nuclear devices. Is it worth 
it to the country asa whole. 

Representative Horirienp. That milliroentgen is a thousandth of a 
roentgen ? 

Dr. DunHAm. Yes. . 

Representative Horirmip. How would you express a millionth ¢ 

“Dr. Dunuam. A millionth would be a millimilliroentgen. 

Representative Hotirretp. You do not get that low in measuring. 

Dr. Dunuam. I don’t think one can measure it satisfactorily that 
low that way and one has to begin to talk about counts per minute. 

Representative Hotirietp. Thousandths is about the lowest ¢ 

Dr. Dunuam. That is correct. Certainly film badges don’t get 
that low. 

Representative Cotx. If you did get that low, what name would you 
give it? 

Dr. Dunnam. A microrentgen. 

Representative Horirretp. That is the same as a microcurie? 

Dr. WARREN. Yes. 

Representative Hotirrerp. Dr. Warren. 


STATEMENT OF DR. SHIELDS WARREN, NEW ENGLAND DEACONESS 
HOSPITAL, BOSTON, MASS. 


Dr. Warren. Thank you very much, Mr. Chairman. 

Representative Horirrme.p. Dr. Brues, would you like to come for- 
ward, and Lieutenant Colonel Bach and Dr. Shelton, if you wish to 
ave anything to say, will you please come forward? Is Dr. Schulert 

ere 

Dr. Scuuterr. Yes, sir. 

Representative Horirietp. Dr. Crow’s name is here, too. I do not 
know whether he is still with us or not. I understand that Dr. 
Shannon and Dr. Burney have separate statements, so we will not ask 
them to come forward at this time. 

You may proceed, Dr. Warren. 
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Dr. Warren. Thank you. I appreciate the kindness of the com- 
mittee in permitting me to make a statement relative to the present 
research program of the Atomic Energy Commission in this field of 
radiation, and to make comments as to the program and its possible 
future trends. | 

First, I would like to restrict myself to the fields of biology and 
medicine, as I am not competent to venture beyond them. I have 
some hesitancy in making: recommendations as a medical man even in 
the field of biology. However, I would like to say that the program 
of the Division of Biology and Medicine of the AKC, which you have 
just heard outlined so clearly by Dr. Dunham, has within the limits 
of budgetary approval and personnel, attained as much in the way of 
research results as could be expected from any program. 

Initially in this program there was a very real limiting factor, 
the scarcity of competent scientists. Scientists are still scarce, but are 
being trained rapidly. One of the best ways to attract scientists is to 
have adequate opportunities for them to work in any field. As I 
said, Dr. Dunham has outlined for you the present program with 
regard to radioactive fallout and certain suggested additions to it. 
I heartily second his suggestions, but would go somewhat further 
since he has restricted his comments largely to the factors that are 
immediately referrable to radioactive fallout. 

Much of our knowledge with regard to the effects of radioactive fall- 
out must be obtained by advancing our knowledge of other types of 
radiation, since fallout occurs in such very small quantities as to pro- 
duce recognizable changes only with the greatest rarity. Therefore, 
there must be much research done in the general field of pathological 
effects of radiation on the one hand, and the effects of radiation on 
heredity on the other. 

To be more specific, I would recommend expansion of research on 
the effects of radiation on the cell, both in its resting and its dividing 
state, and expansion of the study of the effects of radiation on enzyme 
structure. Additional studies are desirable on the effect on both acute 
and chronic radiation on animals, both as to specific changes and as 
to more subtle changes, such as shortening of the life span. 

Studies of human population genetics, a relatively new science, 
should be greatly expanded, and the present studies in mammalian 
genetics should be multiplied several times. These studies, together 
with those recommended by Dr. Dunham and others, should not be at 
the expense of the present research program of the Division of Biology 
and Medicine of AEC since those existing studies, I believe, are well 
chosen and significant. Rather, the research budget of the Division 
should be materially increased. I think this should be done in an 
orderly fashion. A sudden increase is not a practical thing to under- 


e. 
I would like to emphasize in regard to all of the research done in 
the universities—indeed practically all research in biology and medi- 
cine in this field—that there has been no restriction, no withholding of 
data. All of us working in this field have been free to publish our re- 
sults exactly as they have occurred. There is absolutely no effort on 
the part of AEC to withhold significant information. 
I think it might be worthwhile to comment briefly on the very care- 
ful studies on the fallout problem that are made both in this country 
and abroad. As you have heard, the groups that are following this 
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field of work are several. In this country, of course, the Atomic 
Energy Commission is the first and most active. The Department of 
Defense plays a large role. The Federal Civil Defense Administra- 
tion is keenly interested. The Public Health Service is carrying on a 
number of very valuable studies. These agents all cooperate with one 
another and with the Weather Bureau, the Department of Agricul- 
ture, and other governmental groups, as you have heard, that have 
special interests in the field. 

I think it is pertinent also that there are in this country several un- 
official but nonetheless very well constituted groups that are following 
this problem of fallout and research reated to it. The most expert are 
(1) the National Committee on Radiation Protection which in turn 
is affiliated with the International Committee on Radiation Protec- 
tion, and the International Committee on Radiation Units. You heard 
from Dr. Taylor, its chairman, as to the way its work is carried on 
and what it does. . 7 

(2) The Committee on Radiation Effects of the National Academy 
of Sciences, which, as you know, has made valuable reports and are 
continuing to follow the problem. | 

Representative Corn. Mr. Chairman, I wonder if it might not be 
_ appropriate—I intended to ask Dr. Warren about it later—at this time 
to indicate the distinction between the United Nations Scientific Com- 
mittee on Radiation, the International Committee on Radiation Pro- 
tection, and the International Committee on Radiological Units 
There is coming to be an abundance of international committees in 
the field of radiology, and I would like you to explain the origin, the 
genesis of each how they overlap and so forth. 

Dr. Warren. Yes. In the mid-1920’s the people working in the 
field of radiology and radiobiology became concerned over the prob- 
Jems of radiation protection and the fact that many of the people who 
were going into radiology were being damaged by the radiation they 
received, and were not being taught how to protect themselves. 

Consequently, in several countries National Committees on Radia- 
tion Protection were established, first informally. Those in this 
country were made up of representatives of scientific societies which 
cooperated with the National Bureau of Standards and at present the 
activities of the National Committee on Radiation Protection are 
housed at and aided by the personnel of the National Bureau of 
Standards. | 

The chairman of these various national committees joined infor- 
mally in an international group. This international group first met 
every 3 years at the International Congress of Radiology. As the 
problems became more multiple they have met more frequently. 

Representative Corr. You say it began in 1920? 

Dr. Warren. That began, I think, in formal fashion in either the 
late 1920’s or the early 1930’s. Its last meeting was the end of April 
in Switzerland. Dr. Taylor, from whom you heard, together with 
Dr. Wycoff of the Bureau of Standards, were the United States rep- 
resentatives there. 

This is a purely informal group which has had such efficiency in its 
work, such scientific standing, that the AEC and practically all of the 
governmental and State agencies accept its ruling as official, and 
through the recording of these in the Federal Register they have the 
force of law. 
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These committees are entirely apart from the United Nations com- 
mittee. If I could reserve comment on that for just a few minutes 
while I speak of some of the other agencies, I would like to come to 
that in more detail later. 

Among other competent groups working in 1 this country are many 
research groups in universities, in research laboratories throughout 
the country; the Federation of Atomic Scientists, who had a rep- 
resentative here, is also keenly interested. Then there are a number 
of other groups that have committees having to do with atomic en- 
ergy, and concerned with problems of protection. Even the United 
States Chamber of Commerce and the AFL-CIO are interested in 
this field. 

Abroad there is much emphasis on the problems of fallout and the 
official report of the British Medical Research Council contains much 
useful data which, as you have heard, correlates closely with those of 
our own National Academy of Sciences. 

The World Health Organization has also considered certain aspects 
of the radiation problem. 

At the instance of the United States, the General Assembly of the 
United Nations has appointed a scientific committee to study radi- 
ation problems. This committee consists of representatives of 15 
nations. I am the representative for the United States. Dr. Brues, 
sitting beside me, is one of my alternates and has been extremely 
helpful. This committee has been studying the problem of fallout 
and related aspects of radioactivity most intensively, and its report 
will: be presented to the General Assembly in June of 1956. 

Representative Coir. May I inquire, Dr. Warren, if the meetin upica 
this committee last fall in New York was the first of its meetings? 

Dr. Warren. No, that was the second of its meetings, Mr. Cole. 
There was one in Switzerland in April. The next, I believe, is sched- 
uled for New York in January. However, there is a great deal of 
work done besides that being done at these various meetings. ‘There 
is a secretariat which is continuing to digest all of the information 
that has been turned in. All of us receive information from all over 
the world. At the present time, I am reading through a stack of re- 
ports, from virtually every country in the world, that is close to 3 
feet high. I have gotten two-thirds of the way through it now. 
Various members of this United Nations Committee have been given 
the responsibility with the secretariat of preparing separate chapters 
of this report which will probabily be about a 200-page report when 
it gets done. 

Representative Core. How long has the committee been in exist- 
ence? Has it been about a year? 

Dr. Warren. As I remember it, it came into existence about a year 
and a half ago. Do you remember, Dr. Brues? 

Dr. Brurs. November before last, I believe. 

Dr. Warren. Yes. It will make its report, as I say, for June 1958. 

CuatrMan Durnam. Why is it just 15 nations, Doctor? 

Dr. Warren. It was felt that a group of that size would be a eroup 
that would represent a high degree of scientific competence from the 
different countries. It would have available to it information from 
all over the world and all of the member nations of the United Nations 
and its allied organizations. It would be a small enough group to 
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work effectively. If it had been a group representing every one of 
the members of the United Nations 

Chairman DurHam. Can you give us the names of the 15 countries? 

Dr. Warren. I believe I can. Australia, Argentina, Belgium, 
Brazil, Czechoslovakia, Egypt, France, India, Japan, Mexico, Sweden, 
U.S. S. R., United Kingdom, United States, and Canada. 

Chairman Durnam. Russia is a member of the group ? 

Dr. Warren. Both Russia and Czechoslovakia are members of the 

roup. 
a epeosatithtivd Hotitrrerp. How many meetings has this committee 
had? 

Dr. Warren. This has had three formal meetings. The reason I 
was hesitant is that we have had so many informal meetings that it 
is very difficult to keep track of them. You might say that those of 
us working in the group are almost in continual session through con- 
tact with the secretariat by mail and so on. 
~ Representative Horirrerp. Do you have an adequate secretariat to 
collate the material that is sent in and is there a wide collation and 
distribution ? | 

Dr. Warren. Yes, there is a very wide collation and distribution. 
The great bulk of the material has come from the United States, be- 
cause we have accomplished more research than any other of the 
nations. 

Chairman DurHam. How do you report, Doctor? Do you report 
directly to the American representative ? , 

Dr. Warren. As the representative for the United States, I report 
to Mr. Lodge as the Ambassador to the United Nations. However, 
our committee as a whole is a creature of the General Assembly and 
reports to the General Assembly. 

Chairman Duruam. It reports directly to the General Assembly ? 

Senator ANDERSON. How does this information get to the people of 
this country ? 

Dr. Warren. It is the responsibility of the various representatives 
to bring all pertinent information which is made available to them— 
this is all circulated—to the people of their country. The final report 
of the committee will be an open report to the General Assembly 
and through them to all the member nations and distributed through- 
out the world. 

Senator ANDERSON. Can you give us the name of the fallout expert 
in Argentina? 

Dr. Warren. The head of the delegation is Captain Nufiez. 

Senator AnpErson. Is he a radiologist? 

Dr. Warren. He has a background in radiology and radiobiology. 
I might say that the different countries have chosen people with spe- 
cific competences which vary with the countries. But each delega- 
tion from each country brings all the available information from 
that country. It is not restricted to the specific competence of the 
members of the delegation. 

on git Awnperson. What sort of individual represents Egypt, for 
example? 

Dr. Warren. In Australia a physicist is the representative. In 
Belgium a medical man interested in rec ovolony is a representative. 
In Canada a medical man who is a public health official represents 
the country. In Brazil, a distinguished biophysicist. In Czecho- 
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slovakia, also a biophysicist. I could go through the list. It isa 
very varied group. . 

Senator ANpDrRSON. This individual from Canada, has he been 
making any special studies of fallout? | 

Dr. Warren. Yes. | 

Senator AnpErson. Is that his field? ER = 

Dr. Warren. He is relatively new to this field, but he was chosen 
by the Canadian Government because they felt him to be thoroughly 
competent in it. | , 

Senator ANnprerson, Has he been doing work and making studies 
in fallout? Is that his specialty ? 

Dr. Warren. I would say he is essentially an all around public 
health man who is especially interested in this field and is provided 
by his Government and.the scientists in his country with a great deal 
of information in this field. | | 

Representative Cotz. You spoke of the report of this committee as 
being a final report. Does that mean that when the report is sub- 
mitted in June of next year, that the committee will disband and 
discontinue its work ? | 

Dr. Warren. We have been appointed by the General Assembly 
to review the problem, to gather, collate and evaluate information, 
and to make a report. Our future is entirely in the hands of the 
General Assembly. I rather assume that they will ask us or successors 
to us to continue this work, I cannot speak for the General Assembly 
in any way, of course. 

Representative Ho.irrerp. You may proceed. 

Dr. Warren. I would like to leave very briefly the discussion of 
research and make one further comment. That is this: The ulti- 
mate decisions with regard to weapons testing and with regard to the 
whole development of atomic energy will have to be made, as they 
have been made in the past, by you and other duly constituted repre- 
sentatives of our people. I believe that the advances in science within 
the next few years provided research is adequately supported and 
facilitated will permit obtaining much more conclusive data than now 
exist as to the feasibility of continued weapons testing. The con- 
cern of the world is for disarmament and the elimination of war, of 
course. JI firmly believe as a physician that it is inexcusable for us 
to jeopardize our own safety and that of the rest of the free world in 
order to eliminate a risk of as low an order of magnitude as is con- 
stituted by any reasonable program of atomic weapons testing. 

Senator Anperson. Do you think that the proposal made by Dr. 
Langham which was an overall control of the total tonnage of any 
fission products going into the atmosphere would jeopardize our pro- 
duction of weapons. | [ 

Dr. Warren. I am not at. all an expert in this field, Mr. Anderson. 
I would not have any opinion. I would hope that it might be feas-. 
ible to work out some program of this type. . 

Senator Anperson. Would you read again the last paragraph. 

I firmly believe as a physician that it is inexcusable for us to jeojardize our 
own safety and that of the rest of the free world in order to eliminate a risk 
of as low. an order of magniture as is constituted by any reasonable program 
of atomic weapons testing. = E 

You there set yourself up as an expert in the field. Iam not trying: 
to say itisimproper. You testified what you would do. 
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Dr. Warren. Yes. 

Senator Anprerson. Having established that, do you thing Dr. 
Langham’s proposal that an amount of 10 megatons of fission. pro- 
duction going into the atmosphere each year which we are now do- 
ing is about the safe limit ? 

Dr. Warren. I feel we would be safe in having that much. I would 
hesitate to say that is an absolute upper limit. I would think that 
is a reasonable amount. I would not be worried by a program at 
that level. 

Senator Anprrson. If you have not made studies in the field your- 
self, you recognize that the Los Alamos and the Livermore Labora- 
tories have. 

Dr. Warren. Yes. They are most competent. 

Senator Anprrson. If they feel that is a top limit, does that sug- 
gest to you that 1s something we might look to as a proper guide or 
not ? 

Dr. Warren. I would think that this might be very sound indeed. 
From my own knowledge from the medical standpoint, as I said, I 
would not be at all worried by a program at this level. 

Senator ANpEerson. Almost every time when somebody comments, 
they talk about limitation on testing as if it meant the elimination 
of all progress and all testing of every kind. It is like saying to 
man he should be careful in the amount of protein he takes into his 
system. But a doctor will say if you do not take any protein at all, 
many things will happen to you. Somehow we do not get much com- 
ment on the suggestion of limitation. It is always that we will abol- 
ish it all. This was not the proposal of Los Alamos and certainly has 
not been my own. 

Senator Jackson. Dr. Warren, what this really boils down to is 
that we have two risks. One is the risk to the free world if we are 
not prepared to deal with an enemy that might well bring total atomic 
hydrogen catastrophe to all free nations. On the other hand, con- 
tinued testing do present a danger of an undetermined nature to 
people. We do not have enough scientific data for scientists to speak 
scientifically, whether they are doctors or pure scientists. There are 
these two threats. Maybe between the two some kind of reasonable 
balance can be achieved. Don’t you think that is a reasonable ap- 
proach ? 

Dr. Warren. Yes. I think that is a very reasonable approach. 
That is what I had in mind when I spoke of any reasonable program 
of atomic weapons testing. 

Senator Jackson. What was your last statement? 

Dr. Warren. I simply said that was the general idea I had in mind 
when I said “any reasonable program of atomic weapons testing.” 

Represenative Horirretp. If there are no questions, I will ask Dr. 
Brues to proceed. 

Chairman Douruam. Before you proceed, Dr. Warren, on the second 
page of your statement I believe your statement concurs with the state- 
ment Dr. Libby made on yesterday in his recommendation of increas- 
ing the research program of the Division of Biology and Medicine. 

Dr. Warren. Yes, sir. 

Chairman Durnam. You say “not at the expense of the present 
research program,” but still you recommend an increase in it. Could 

93299°—57—pt. 2-27 | 
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you put that on a percentage basis as to exactly what you mean by 
that type of statement ? 

Dr. Warren. What I would think is this, sir. One is that there 
are a number of other very important problems that are being worked 
on by the Division of Biology and Medicine than those having to do 
with fallout. We should not interfere with those. There should be 
an expansion of the program which I think could perhaps be on the 
order of—it is hard to say—of an expansion that went up, say, 50 per- 
cent in 3 years. Maybe that much again in another 3 years would 
be 1 that could be handled in very orderly fashion. It would not be 
wasteful. There would be adequate scientific personnel to see it 
through. 

Chairman Duram. In some sections of the whole program, you 
would place more emphasis on this? 

Dr. Warren. Yes. I think, for example, that we must not lose 
emphasis on the portions of the program that have to do with how 
to cure atomic innjuries once they have occurred. We must not lose 
emphasis on the good things that can be done in the field of medicine 
and biology with atomic energy. I think it is important that in the 
development of this whole atomic-energy field that the developments 
in biology and medicine be advanced on a broad foundation. As an 
illustration, for example, we began our studies on radioactive 
strontium long ago before we knew how important radioactive stron- 
tium could be. I am sure there are other things in the program 
that do not look very important at the present time that we will be 
very glad in 1965 we had started earlier. | 

Chairman Duruam. You mean that many new things are showing 
up on a daily or monthly basis that funnel off some of your research 
in that direction. 

Dr. Warren. That is right. 

Chairman Duruam. You do feel that the impetus should be on an 
increased expansion. 

Dr. Warren. I feel this very strongly, sir. 

Representative Horirretp. Dr. Brues, did you have any comment to 
make on the testimony which has been given ? . 


- STATEMENT OF DR. AUSTIN BRUES, ARGONNE NATIONAL 
LABORATORY 


Dr. Brours. Mr. Chairman, I have not prepared a statement, but 
there might be 2 or 8 things i might say, particularly with reference 
to the programs as they are carried out at the national laboratories 
which constitute a considerable portion of the work. 

As Dr. Dunham mentioned, the national laboratories are run by con- 
tract with various agencies. Ours is operated by the University of 
Chicago. Yet they are large enough to operate essentially as inde- 
pendent institutions, and they are financed by the Atomic Energy 
Commission. The fact that there are several national laboratories 
was established in the original Atomic Energy Act, and in a sense 
grew out of the fact that there had been several sites at which re- 
search was carried out before the Commission came into being. I 
have felt personally that the diversification of the large research cen- 
ters into several rather than bringing them together has been a good 
thing from a number of standpoints. I would say particularly be- 
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cause it allows a certain flexibility. There is no embarrassment, for 
instance, if an investigator in one laboratory holds a different view 
from an investigator in another laboratory; just as in the universities 
they get together and these things are reconciled by further work. 

The programs are defined very much by the individuals who carry | 
out the programs. The amount of masterminding, I think, has been 
kept at a reasonable and proper minimum. What people in the 
laboratories are mostly interested in is knowledge of what are the 
fields which are not being adequately tackled, and what, therefore, 
may be needed in the way of both basic and practical research. In 
that sense, of course, it is very useful to keep in contact with one an- 
other and with the authorities in the Commission. 

The selection of personnel is done entirely at the level of the labora- 
tories themselves, with only the restriction, which actually occurs very 
rarely, that is placed upon us by the security provisions of the act. 

Chairman Durnam. Lagree with you, Doctor. Ithink the program 
has been well planned on the basis of the distribution in the universities 
of the entire country. I think if we built one huge laboratory we 
would not be as far along as we are today. 

Dr. Bruss. The type of work is divided in our national laboratories 
and I think in most of them, and rather equally, between work which 
is straight programatic investigation kind of work where we are col- 
lecting numbers of figures, work which has more or less immediate 
practical objective, such as looking for treatments of radiation illness 
and so forth, and work which some people might consider useless, but 
as Dr. Warren mentioned turns out very often to be quite useful. 

We have on occasion been asked if we could not perhaps think it 
would be important to gain some information in a certain area. Often, 
actually this information has been at that time fairly well gained by 
investigators who perhaps through an intuitive process or their 
curiosity have been working on it. This certainly was true of stron- 
tium. We have dogs in the laboratory which received some of the 
earliest radio strontium 10 years ago. This is not part of the pro- 
gram that would have been given us at the time, but obviously animals 
of this sort are very important, at least in determining the specifica- 
tions for other experiments which may be started at this time. 

Senator Anprrson. When Dr. Dunham presented his paper, he said 
on strontium toxicity: 

In 10 to 15 years we will have experimental data in dogs which will firm up 
the maximum permissible body burden of strontium 90 for all ages, and will have 
determined whether strontium 90 is ever leukemogenic in dogs and presumably 
man, and will have gone a long way to settling whether or not the bone-tumor 
effects of strontium 90 have a threshold. 

Are we to understand that to mean that in 15 years or so we will 
find out whether it is dangerous to let strontium 90 to be lying around, 
and if so, who much of it we can have? 

Dr. Bross. I think we are sharpening our knowledge on that all the 
time. I think it will take another generation of long-lived animals 
probably before we have the sharpest figure that we can reasonably 
ever expect to get. 

Senator Anperson. But by that time if we can believe the upward 
sweep of testing, with other countries getting into the act, and every- 
body coming along with their own weapon testing, we could possibly 
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have done heavy damage to ourselves, could we not? Is there any way 
of speeding this up? We build a bomb by a process of speeding up. 
We have had estimates of how long it would take to develop a bomb. 

Dr. Bruess. I think, sir, that the way in which this may be and 
probably will be speeded up is by the expansion not only of these 
predictable programs, but of the type of work which is going on in 
what I term the useless areas. In other words, investigation of how 
cancer is produced by radiation, and indeed how cancer is produced 
by other agents in comparison with this. I think that we may there- 
fore arrive at basic knowledge in this way which will resolve some 
of the questions that we are also asking in case that should not pay 
off in the area of carrying out practical experiments. 

I might say these animals which we treated 10 years ago, which 
have never shown signs of damage, received about 700,000 sunshine 
units of strontium, ‘The only trouble with this is that there were only 
three of these dogs. As you have heard, you have to have large 
- statistical numbers in order to sharpen things up. 

Senator Anderson.. Do you think it will be 10 to 15 years before 
we know whether testing at the present levels were continued would 
present any perils to people from strontium 90? IL am confining it 
strictly to strontium 90. 

Dr. Brurs. 'To answer that I would have to go into some questions 
that were discussed yesterday. 

Senator Anperson. I do not mean to prolong this. 

Dr. Bruns. I believe that it is very likely that we will get at some 
very fundamental truths about cancer sooner than that period which 
will tell us this, but we must at the same time be carrying on experi- 
ments which will give us the figures, so to speak. 

Senator Anperson. I say that because the third. paragraph of 
Dr. Dunham’s paper says that it will be 10 or 15 years before we get 
sufficient data, and the fourth paragraph said that the true doubling 
dose for the mutation rate would take 8 years, if ever, and everything 
suggests an awfully long time. A tolerable mutation rate would take 
many years and never be exact. It is a very discouraging picture. 
The probabilities are that we will never know anything about any- 
thing. Isthat your feeling? 

Dr. Brurs. I would feel that perhaps I am entitled to be more op- 
timistic than Dr. Dunham, because it would not be so easy to come 
back at me and chastise me for making a prediction that was not 
sufficiently conservative. I am more optimistic than is indicated 
there. 

Senator Anprerson. I was not trying to pick a quarrel with Dr. 
Dunham on this. I was hoping there would be a little more optimism 
than this “if ever, and we will never be exact.” 

Representative Horirretp. We are looking for more sunshine. 

Senator Jackson. I was going to comment, is there such a thing as 
an exact science ? 

Senator Anprerson. We hope we get some answers that we regard 
as pretty specific. 

Representative Horirrrtp. Would there be any other comments? 
Did you have something else, Dr. Brues ? 

Dr. Brurs. I would like to say one other thing very briefly, sir, and 
that is to underline Dr. Warren’s remark that there has not been any 
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interference in my experience or the experience of anyone I know with 
the dissemination of results, no matter what they showed. I have 
actually some documentation on that. There was a statement made by 
one of the witnesses the other day that indicated that the principle of 
life shortening had been kept under cover for some reason not known 
to the speaker. I will, if you wish, produce some documentation that 
this was not only not kept under cover, but that these things were 
given to the public in a publication which came out of the first national 
radiobiological meeting which was attended by many of those that 
were present here, and in fact made the scientific public aware of all 
of the work which had been done in the field of life shortening, raised 
the questions of cell mutations, and many other things of that sort. 

Representative Hoxirietp. You will concede, however, that speeches 
before limited number of scientists does not take the place of informa- 
tion prepared which is readily understood by the public and widely 
disseminated. Iam blaming no one for this, but there is a difference in 
the expression of opinion to a limited group of scientists and actually 
getting the story to the people. 

Dr. Brurs. That is true, of course. That is the general problem 
which we also have, that of disseminating the knowledge. I think 
that this meeting served the important purpose of getting many people 
working in this field. It was quite speculative at the time, but it has 
resulted in a wide interest. For example, the brilliant work Dr. 
Hardin Jones told you about the other day was assisted by the fact that 
this subject was discussed at that meeting which was aided by the 
Commission. 

Representative Hotrrmxp. At this time the Chair is going to inter- 
rupt the proceedings. There is a rollcall which the House members 
have to attend. We will proceed at 2 o’clock this afternoon in this 
room as we have some important statements which have to be made. 
We will resume with this part as soon as we return. 

Senator ANprerson. May I ask one question of Dr. Warren. I 
started out on strontium 90 a minute ago. When you were head of the 
AEC’s Division of Biology and Medicine, was there a proposal put up 
to you for a study of the chronic effects of strontium 90, and was there 
some decision taken on it on the basis that it would be a ten-year and 
very costly study? Do you recall? 

Dr. Warren. My memory is—and it isa little vague—that there was 
a proposal made of a 10-year study using dogs that would have cost 
about $5 million a year, as I remember. It is something of that sort. 
I believe that strontium 90 was included along with radium, meso- 
thorium, and other substances. 

(A letter clarifying Dr. Warren’s testimony follows:) 

CANCER RESEARCH INSTITUTE, 
NEW ENGLAND DEACONESS HOSPITAL, 
Boston, Mass., August 6, 1957, 
Mr, Hat HOottister, 
Joint Committee on Atomic Energy, 


Capitol Building, United States Senate Post Office, 
Washington 25, D. 0. 

Dear Mr. Horiuster: On July 5, 1957, as I was leaving on vacation, I sent a 
suggested addition to my testimony on the final day of the hearings. In reading 
this over I am not sure that it entirely answers the question raised by Senator 
Anderson. If it is not too late to make a change in the proof, the following 
might be a better way of expressing it. 
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“Another project that might be thought of in this connection was one made 
by the Los Alamos Laboratory, as I recall it, but the proposal for which was never 
formalized. This project had to do with the effects of the inhalation of particu- 
late radioactive substances by dogs. After a good deal of preliminary study it 
was felt that certain phases of the proposal were very useful and significant. 
Since suitable inhalation chambers were already available at the atomic energy 
project at the University of Rochester and only additional animal quarters were 
required, this experiment was undertaken at the University of Rochester on the 
completion of the necessary changes in animal quarters.” 

Sincerely yours, | 
SHIELDS WARREN. 

Senator Anprrson. Did you not recommend pretty firmly against 
it? 

Dr. Warren. I recommended against that particular study but I 
recommended in favor of continuing studies in this field and got to- 
gether a group of all the competent and interested people to establish 
at the University of Utah a study on dogs which started, as I re- 
member it—I will have to ask Dr. Dunham as to the year—was ap- 
proved and started in 1950, Dr. Dunham tells me. There had to be 
some construction which slowed it down for some months, That 
study is the one to which reference has been made now, and useful 
data are coming from this. : 7 

I think that one-has to keep in mind this point, Mr. Anderson. One 
always has to weigh the types of research undertaken in relation to 
the funds and personnel available for that research at the time. 
When this research was proposed in its original form, it seemed im- 

ractical and too costly for the data that hopefully would be obtained. 
Tt looked as though this University of Utah study would be a sounder 
way of approaching the problem, and one within our means, both of 
available scientists and available funds. I still hold that opinion. 

Senator AnpErson. I do not question you on the available scientists 
at all, but I do believe that on funds for items of this nature since I 
have been a member of the Joint Committee, I have had to go to the 
Appropriations Committee many times and urge them to be somewhat 
liberal with the Atomic Energy, and I have always found them so, 
and I only hope that we do get some sort of expanded program in 
research that may give us a little quicker answers on some of these 
questions that are very disturbing to a great many people. 

Dr. Warren. I strongly agree with you, Mr. Anderson. 

Senator ANDERSON. We will meet at 2 o’clock. 

(Thereupon, at 12:15 p. m., a recess was taken until 2 p. m., the 
same day.) 

AFTERNOON SESSION 


Representative Horirierp. The committee will be in order. I want 
to announce that the Chair will have to leave the room at 5 minutes 
to 8, and, for fear that I may not get back before the witnesses are 
concluded, I would like at this time, on behalf of the committee, to 
thank all the witnesses who have appeared during this group of 
hearings. 

The purpose of the committee, as stated in my opening statement, 
has been adhered to. It was in a limited field. ‘There are other fields 
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that are of interest to the committee, and undoubtedly the commitiee 
will want to go into some of those fields laer. There has also been a 
great deal of information filed, either in oral form or in written form, 
with the committee which the members have not had a chance to 
thoroughly study, nor has the staff had a chance to analyze. So it has 
been thought best by the subcommittee that we adjourn our meetings 
today for the purpose of studying these documents and receiving 
information which has been requested and has not yet been given 
to the committee. The committee will make a later determination 
as to whether there will be additional hearings to fill any gaps that 
we may find in our testimony on this particular specific subject, and 
also make the determination of going further into fields which are 
indirectly related to the subject of weapon fallout in the field of radia- 
tion. I speak of the fields of industrial hazards, which will encom- 
ea large-size reactors, and also the fields of weapon detection, which 

as a great deal to do with our ability to know when these explosions 
occur, and, also, our ability to evaluate accurately the amount of fission 
products which are thrown into the air. Of course, this has tremen- 
dous importance in evaluating the overall burden of radiation which 
would be finally deposited on the earth and its people. 

We also have not had time to analyze the weapons effects handbook 
which is now in print by the military liaison group of the Defense 
Department and the Atomic Energy Commission, and we may want to 
go into some of the matters contained in there. 

Another very important area in which the committee is interested—_ 
which may, in view of certain industrial developments, have to be 
considered—is the problem of waste disposal from reactors, the 
methods that are now used to dispose of this waste material, and the 
safeguards that are in existence at this time and plans for the fuiure 
in order to protect the people from radiation from waste materials. 

We will want to know the quantities, in tons or gallons, of this 
material which are now in existence, and which are being produced 
every day and every year, and we will want to have an estimate of the 
problem that will be involved in the disposal of waste when we have 
a hundred of these large-size reactors of 100,000 to 200,000, or 800,000 
electrical kilowatts of capacity. 7 

We will want to know how the nations abroad are disposing of this 
waste; whether they are placing them in the ocean, where the con- 
tamination might become global; and where the United States is 
disposing and the methods it uses. 

So there are fields which have not been covered, but they are fields 
which the comittee will get to in the future, no doubt. 

The committee reserves the right, of course, to accept and incorpo- 
rate in the record additional scientific material which has been re- 
quested by the members or referred to by witnesses. We also, of 
course, reserve the right, as I mentioned at the beginning of our 
hearings, to include answers to specific letters of inquiry to scientists 
and witnesses which have been sent out and will be sent out for the 
purpose of clarifying or completing certain areas of inquiry. 

Representative Core. Mr. Chairman, before you do that, since you 
have indicated that in all likelihood you will not be here at the con- 
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clusion of the hearings this afternoon, I feel I should now express 
what I otherwise would have withheld until that time, and that is to 
join you in the compliment to the witnesses who appeared, and, more 
particularly, to pay a compliment to yourself for the fine manner in 
which these hearings have been conducted and the tenor that has 
attached to the hearings, for which much credit is due yourself. I 
compliment you and Mr. Hollister, as well, who has prepared this 
agenda, for the total accomplishments of these hearings which, I am 
confident, in the course of time will prove to be most valuable. 

Repr esentative Honirietp. I thank the gentleman from New York 
very much. 

Representative Van Zanpr. Mr. Chair man, I would like to join my 
colleague from New York in that statement. 

Representative Hotirrerp. I am sure, without the help of every 
member of the committee and the hard work of the staff night and 
day, both before and during the hearings, we could not have had as 
successful a conclusion rt think we are going to have in these 
hearings. 

Senator Jackson. Mr. Chairman, I, too, would like to associate 
myself with the remarks that have been made with reference to these 
hearings. I think the chairman and Mr. Hollister and the staff have 
done a fine job. 

I believe that these hearings cannot help but have a favorable impact 
in the long run on the American people and world opinion, I think 
the most important thing of all is that we have had the opportunity 
of having different points of view. Certainly, in large part, the views 
that have been expressed have been honest scientific opinion, even 
though the scientists and experts in the field have not always agreed. 

Representative HoutFietp. Thank you very much. It would be 
remiss on my part if I did not thank all the witnesses who have ap- 
peared before us, and especially do I wish to thank the witnesses from 
the AEC, and from projects which are under the auspices of the AEC, 
for their cooperation in preparing their statements and presenting 
them to us in the complete way in which they have. 

Dr. Dunnam. Mr, Chairman, is it in order that I make a statement 
on behalf of the AEC, which has appeared before you in several forms, 
to thank you for the extremely courteous and interested attitude of 
the committee. I want to assure you that any further information 
you may require we will endeavor to provide for you. 

Representative Horirierp. ‘Thank you very much. 

By mutual agreement we are going to reverse the order of the wit- 
nesses who have prepared statements, and we will ask Dr. Waterman, 
Dr. Alexander, Dr. Bach, and Dr. Shelton, and any other scientists 
who may be present and wish'to join, to comment on their statements 
at their conclusion. I think it may be an orderly way to take the 
three statements which we have, which I understand are not too long, 
and have them in order, and then have the roundtable discussion. 

At this time we would like to have Dr. Schulert of Lamont Labora- 
tory to be our first witness. 
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STATEMENT OF DR. ARTHUR R. SCHULERT, LAMONT GEOLOGICAL 
OBSERVATORY, COLUMBIA UNIVERSITY? 


Dr. Scuutert. I have a statement which I prepared for the record. 
However, I do not believe it is necessary to read the statement in its 
entirety, since it would involve the repetition of many things that 
have transpired this morning. The statement involves my personal 
opinion as to what we should do along the research line in view of 
the present state of affairs. This, as you know, was quite compre- 
hensively reviewed by Dr. Dunham of the AEC this morning. 

I would like to just mention a few of the highlights of this state- 
ment. 

(The statement referred to follows :) 


REMARKS PREPARED FOR PRESENTATION BEFORE THE JOINT COMMITTEE ON ATOMIO 
ENERGY, UNDER SEcTiION XII—THE IMPACT OF THE PRESENT STATE OF AFFAIRS: 
WHAT SHOULD THE RESEARCH PROGRAM IN THE PHYSICAL, GEOLOGICAL, BIO- 
LOGICAL, AND MEDICAL SCIENCES Br? 


Arthur R. Schulert, Ph. D., Research Associate, Lamont Geological Observatory, 
Columbia University, Palisades, N. Y 


This presentation is given as a personal opinion of what the future research 
program should be in view of the present state of affairs with regard to fallout 
as discussed at these hearings. 

The various testimony which has been presented to date, in spite of conflict 
in detail, has agreed on 2 basic points: (1) Present fallout represents a definite 
hazard in that it produces deleterious effects in man and (2) these effects are 
very small compared to the effect of background radiation which has always 
been with us. As has been brought out in previous testimony the problem of 
what our national policy should be in view of this small hazard is not a scientific 
problem, but a sociological, or a moral one. I think from these considerations, 
most scientists, and in particular those of us who have appeared before this 
committee agree that weapons testing should be limited insofar as it is possible 
and consistent with national security, and indeed, if it were possible, that such 
testing should be completely eliminated. 

However, I would like to reiterate a point brought out by Dr. Dunham on the 
first day of these hearings—namely, that if we are to proceed into the atomic 
age with the accelerating tempo of development of nuclear energy, we are faced 
with the inevitable consequence of a continuous world burden of fission product 
debris, even without bomb tests, and although we can control this debris, from, 
e. g., a reactor, to a large extent, a certain irreducible minimum is bound to 
find its way into the soil and food chain and into man. What I am pointing out 
is that, bombs or no, we are inevitably going to live with man-made radiation in 
our bodies. Accepting the opinion that any radiation is dangerous or at least 
undesirable, it seems to me that a major research effort should be directed at 
keeping the hazard of fission debris at a minimum. Since internally deposited 
Sr-90 is generally agreed to represent the greatest long-term hazard, a major 
component of this problem is to keep the human burden of Sr—-90 at a minimum 
for any given amount of fission. Or, in other words, how can we keep bone 
deposition of Sr—-90 as small as possible and how can we keep the relative body 
elimination of Sr—90 as great as possible? 

May I reiterate that this study is basic no matter what direction the atomic 
age may take if we accept the philosophy that all radiation is harmful. 





1Date and place of birth: February 26, 1922, Gladwin, Mich. Education: Bachelor of 
science in chemistry, Wheaton College, 1943; master of arts (physical chemistry), Prince- 
ton University, 1947; doctor of philosophy (biological chemistry), University of Michigan, 
1951. Work history: Research assistant, Manhattan project, Princeton University, 
1943-46; teaching assistant in chemistry, Princeton University, 1946-47; instructor in 
chemistry, Taylor University, 1947-48; research assistant in biological chemistry, Unt- 
versity of Michigan, 1948-49; Mate assistant in biological chemistry, University of 
Michigan, 1949-51; fellow, Public Health Research Institute of New York City attached 
to the New York University Research Service, Goldwater Memorial Hospital, 1951-53 ; 
research fellow, Columbia Research Service, Goldwater Memorial Hospital, 1953-55; re- 
search associate, Lamont Geological Observatory, Columbia University, 1955-. (Sub- 
mitted by witness.) 
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Before discussing in some detail what I feel should be done in this area, may 
I note that, of course, another important problem in which study should be con- 
tinued and probably expanded is the problem of more precisely defining the 
physiological hazard per unit of radiation or per sunshine unit of Sr-90 with 
regard to such things as the genetic effects, leukemia, bone cancer, and life 
shortening, so that the degree of danger may be properly evaluated. Since the 
need in this area was brought out in testimony 2 days ago, and since it is out- 
side of my sphere of activity, I will not discuss it further, except to say, that 
whatever the effects due to the presence of Sr—90 are, we can presume that they 
are proportioned to the Sr-90 concentration or approximately so, so that the 
basic practical problem remains one of reducing the human Sr-90 burden. 

Now, if we are going to study the reduction of the body burden of Sr—90, and 
how this may be achieved, it is of initial interest to define what the present 
level is. This was dealt with by Dr. Kulp last week and I think the situation on 
this point is quite well in hand. We have been measuring Sr—-90 in human bone 
samples for almost 4 years, and we now have a worldwide sampling network of 
over 25 stations sending us samples. We know what the average value for adult 
man is. We know that the young child is about five times this value. We have 
been able to follow the increment in Sr-90 in human bones from year to year. | 
There are a few soft spots here that should be filled in. The sampling program 
should be expanded, particularly in primitive areas where because of low soil 
concentration of Ca and an exclusively local diet we may find higher values. 
Another problem is distribution and variation within a skeleton. We are cur- 
rently attacking this problem through the extensive sampling and whole body 
determinations of 200 cadavers obtained through the cooperation of the New 
York City. medical schools. We urgently need more information on children’s 
skeletons, but such is difficult to obtain for obvious reasons. 

Besides measurements in the bones it is of interest and importance to know 
the concentrations along the early stages of the biological chain—namely the 
foodstuff, and the soil. I feel here that the program might be stepped up some- 
what particularly with regard to the food monitoring. Although milk has been 
followed quite adequately, other foodstuffs, to my knowledge have not. It 
seems to me that these food supplies should also be carefully monitored. Soil 
data should be extended, particularly in foreign locations. 

Now to come back to what I initially stated to be, in my opinion, the key prac- 
tical problem. How might we reduce the human skeleton deposition of Sr—90 
for a given soil concentration of the isotope? We look for ways to block the’ 
Sr-90 transmission along the various steps of the biological chain. For com- 
pleteness I’ll just mention two possibilities which I haven’t studied, but which 
have been considered, and which might be considered in the future. One is 
to bind the Sr-90 in the soil so that it cannot enter the plant. The other is to 
remove the Sr—90 selectively from the food before human consumption, which 
seems practically impossible, except perhaps from milk. Let us then consider 
the problem of minimizing the bone deposition for a given concentration of 
Sr-90 in the food. Considerable experimental work of this nature has been 
conducted by Dr. Laszlo in which he studied tracer doses of the short lived 
isotope Sr-85 instead of Sr—90. 

Let me briefly explain the use of Sr-85. Sr-85 is another radioactive isotope 
of the element of strontium. It differs in that it has a relatively short half life 
of 65 days compared to the 28 years of Sr-90. We expect the Sr-85 to behave 
chemically and biologically in a manner identical to Sr-90—such a principle 
being well established and indeed the basis of a tracer work. 

What Dr. Laszlo does is to conduct what we call a balance study; i. e., he 
carefully measures the amount of Sr—85 which the person ingests, and the amount 
which is excreted over a period of time in order to determine the net amount 
retained. He has found that certain agents, specifically, Ca gluconate, some 
chelating agents, and ammonium chloride reduce the net amount of strontium 
retained in the body. 

From a practical standpoint this work has suffered from two difficulties which 
I think we can now correct: (1) The number of patients who are candidates for 
Sr-85 administration is strictly limited and (2) the Sr-85, being given over a 
short interval of time, is not distributed within the bone in the same manner as 
the Sr-90, which has been ingested continuously in small quantities for years, 
zo that the results are not completely comparable. 

We can now obviate the limitation and get at the precise problem since the 
level of Sr-90 in the food which man eats and the excreta which he eliminates 
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is sufficient to be adequately measured. Thus we can now study Sr-90 balance 
directly in humans and, having determined what the net retention is under 
normal conditions, we can determine to what extent the net retention may be 
reduced Ly control of diet and by various prophylactic and therapeutic measures, 

May I add that although it is possible to conduct such experiments on our- 
selves, and we at Lamont have just completed the dietary phase of such an ex- 
periment, it is most practical for the most part to conduct such a study in a 
hospital metabolic ward such as Dr. Laszlo maintains. Such an extended study 
is contemplated for the near future. 

In conclusion I would like to add that in my mind the extensive study of fall- 
out points up a related problem with which we should all be concerned. If we 
agree, as we do, that it would be desirable to reduce the present fallout burden 
from Sr-90, then if we are to keep our proper perspective it seems that we 
should be even more concerned with other much greater sources of radiation 
around us that might be reduced. Since it is true that living in a brick house 
versus a wooden house may give a person an additional radiation equal to 20 
times that currently received from Sr-90, should we not be concerned with 
investigating how one might reduce the background from these particular build- 
. ing materials, or the use of adequate substitutes with less radiation to take their 
place? If a chest X-ray may give 50 times the radiation currently received 
from Sr-90 in a year and a fluoroscopic examination will give over a thousand 
times this amount, should not these things be more rigidly controlled, the prac- 
titioner and the layman alike better informed as to their hazards, and basic 
research conducted so that these necessary medical tools may be used with a 
minimum of radiation? I realize that in the case of the X-ray, some such work 
is being done, and I’m not saying that the Atomic Energy Commission should 
get into this area. In fact they probably should not, but I am merely attempting 
to again put the fallout problem in perspective by noting that these are still 
much greater risks even in the field of radiation. Of course the fallout hazard 
still has the peculiar moral problem in that a person may choose whether or 
not he’ll have an X-ray or live in a brick house, whereas in the case of fallout, 
there is no place to hide. 


Dr. Scuutert. First of all in the statement I have given the point 
of view, which is my point of view, that although as has been men- 
tioned there is a considerable area of disagreement which has been evi- 
dent during these hearings, yet there are some basic general areas of 
agreement, and we ought to emphasize what these areas of agreement 
are, and what should be done on the basis of what we do know. 

I think we all agree that first of all—this is axiomatic at this point— 
a definite hazard does exist. 

Point No. 2 is that this hazard, though it does exist, is very small 
compared to the effects of the natural radiation which has always 
been with us. 

I might also interject here, in view of what has been said, that this 
hazard is small in my estimation and even if we stop bomb testing, 
we will still have the hazard to some degree due to reactors and so 
forth. In the industrial use of energy one can control the fission 
debris largely; yet there is a small irreducible minimum which is 
bound to get away and get into the human body. 

If we take the philosophy that any radiation is hazardous and 
should be reduced, if possible, then this problem is with us, and the 
basic research which I will mention today is of importance. Of course, 
if tests continue it is more important; if nuclear war ensues it is very 
vital to the life of many people and possibly the Nation as a whole. 

Then it seems the basic problem is twofold. Again I am being very 
axiomatic. First of all to define the hazard, and second of all, to 
reduce this as much as possible. 

In the area of defining the hazard, the first thing might be to 
determine how much radiation exists. I think again we agree that 
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the principal hazard is the internal deposition of strontium 90. So 
the most important phase is to determine just how much strontium 
90 is in the human body. 

I think on this score we are in fairly good shape. This may sound 
like boasting since our Lamont Laboratory has been engaged in this 

hase. I should for the record also indicate that this was underway 
ong before I came to Lamont and I am here in the absence of Dr. 
Kulp to take his place, and it is more of his show than mine, actually. 

We do know pretty well—we have talked about the various uncer- 
tainties today—as to how good we know the data and how exact they 
are. We do know the average concentration of strontium 90 in hu- 
mans. We know it in adults. I would say we know it to a factor 
of at least 1.5. We do know that the concentration in children is 
about 5 times this number from zero to 4 years old. We have been 
able to follow the increment from year to year. We have gotten some 
information—perhaps not enough yet—on the geographical variation 
in this concentration. | 

Representative Coz. Doctor, would you mind my interrupting ? 

Dr. Scuutert. No, go right ahead. 

Representative Cote. When you say you do know the concentra- 
tion in children up to 4 years is 5 times this amount, what amount 
do you mean? 

Dr. Scuutert. The amount that is present in adults from 20 and 
above. 
| There are a few soft spots which I might fill in here. I think we 
need to expand the program particularly in primitive areas where, 
because of low calcium in the soil, and a local diet, we might find 
people with somewhat higher strontium 90 concentrations than the 
average. We are striving very much to get more data on the bones 
of children because this 1s the most important factor, since they are 
the higher values. As you might imagine, this is the hardest thing 
to do. We realize it is a rather grim problem to get bones at autopsy 
from children. The data is more limited here than we would like. 

There also remains a little more work to be done on the correla- 
tion of the bone data with the data from the diet. I was made aware 
of this yesterday. We have bone samples from Chile, and we have 
learned at these hearings that the fallout comes down with the rain. 
Therefore, Chile, having very low rainfall would be expected to have 
a low amount of strontium 90 fallout, and it does. Dr. Alexander 
of the United States Department of Agriculture points out that Chile 
gets its milk from Wisconsin—dried milk—and this is their main 
source of calcium (and also strontium 90), and thus their bone con- 
centration of strontium 90 is not as low as one might expect from 
their soil data. 

Representative Corr. Doctor, on the question of milk, you have 
indicated the principal element of hazard is the strontium 90 and the 
method of being exposed to that hazard is ingestion. I think you 
will agree that the consumption of milk is probably the one single 
item of diet which contains the greatest concentration of this element. 

Dr. Scuutsrt. Yes. 

Representative Corr. I am curious to know, and perhaps you can- 
not answer, whether there is any body of medical opinion whatever 
which feels that this degree of hazard of strontium 90 in milk is of 
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such size as to warrant discouragement of the consumption of milk by 
growing children ? 

Dr. Scuutxert. This raises an interesting point. It is true that even 
the average adult—and we have gotten the figures from many coun- 
tries on this; do not ask me how many because I do not know offhand— 
in most places a good deal more than half of your calcium and there- 
fore the strontium 90, we presume, comes from the milk. However, 
it is also true that the concentration of strontium 90 per gram of 
calcium is lowest in the milk. That is due to the fact that the cow 
very fortunately fractionates against the strontium 90. So that the 
milk that a cow produces has only about one-seventh the strontium 90 
per gram of calcium that the cow’s diet consists of. 

We feel that the important number is the strontium 90 per gram of 
calcium due to the fact that they go together in the body. There- 
fore, I would say that the best place to get your calcium (and your 
strontium 90) is in the milk. 

Representative Corn. You still have not answered my particular 
question. I say maybe you may not know whether there are any 
doctors of any considerable number or slight number who feel that 
this content of strontium 90 in the milk is of such amount as to war- 
rant parents to find some substitute for milk. 

Dr. Scuutert. I do not know of any. As I tried to indicate, this 
would be bad advice. It is better to get your calcium from milk 
than other food sources, unless you are thinking of synthetic sources. 

Representative Corn. I do not know what the alternative sources 
would be. | 

Dr. Scuutert. From any natural source the milk would be the best 
source of calcium and it has the lowest amount of strontium 90 per 
gram of calcium. 

Representative Coin. Of all the foodstuffs? 

Dr. Scuutert. Of all the foodstuffs we measured. 

Representative Horirieip. But it does have more calcium than any 
other foodstufis, 

Dr. Scoutert. Yes. 

Representative Horrrretp. And, therefore, the effect is that al- 
though it has less per gram of calcium, it has more in its totality than 
other foods. 

Dr. Scuutert. That is right. 

Representative Horirmxp. Therefore, the child should have the 
milk to get the calcium for his bones and in-getting that he must take 
in an unusual amount of strontium 90, more than he would if he used 
some other foods? 

Dr. Scuutert. No, you have to have a certain amount of calcium 
in your diet. I forget the figure. Maybe it is 10 grams. I don’t 
know. If you have to have 10 grams of calcium, you better get it 
from milk because you will have less strontium 90 for this 10 grams 
of calcium than from other food. 

Senator ANpErsoN. I hope we do not leave the impression that milk 
is not still one of the finest foods for a child, 

Dr. Scuutert. That is right. 

Senator Anprrson. With or without regard to the dangers of stron- 
tium 90, there is no finer food in the world for children. 

Senator Jackson. Let us not limit it to children. 
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Senator Anprrson. I know what Congressman Cole was trying to 
get to. In these discussions of how much strontium 90 there might be 
in milk, somebody might read it and say “I better be careful how much 
milk my child can absorb.” Iam completely out of the dairy business. 
I have sold all my dairy cows, so I am speaking as a disinterested 
witness. Surely there is nothing in the world that will do the child 
as much good in the formation of the good solid bone as the constant 
drinking of sufficient quantities of rich milk, I am very happy that 
Mr. Cole brought up this question so that before this hearing adjourns 
we could insert in the record firmly the fact that a child can drink 
all the milk he wants to all day long and not suffer from strontium 
poisoning so far as anybody now knows. 

Representative Corer. I am very happy that the Senator has empha- 
sized this point. I no doubt was derelict in accepting the doctor’s 
answer with the simple word “no.” He said he knew of no doctor 
who was concerned about the strontium 90 in the milk. 

Dr. Scuutert. You said concerned or was the suggestion that we 
avoid milk ? 

Representative Corz. Concerned. 

Dr. Scuutert. Concerned, certainly. 

Representative Corn. I meant concerned to the point where they 
would recommend discontinuance or lessening of consumption. 

Dr. Scuutert. To correct the record, the calcium requirement for a 
day is 1 gram and not 10. » 

Senator Jackson. Do you feel that you can make any kind of pre- 
diction now as to what will happen to people as far as strontium 90 
is concerned if testing continues at the same current rate 

Dr. Scuutert. In my prepared statement, and I can say it here—— 

Senator Jackson. This is a factor that is not in the natural back- 
ground. That is why I am asking this question. This is a new 
element. | 

Dr. Scuutert. That is right. 

Senator Jackson. Could you tell us what in your best scientific 
judgment is apt to occur assuming that testing continues at the same 
rate, and that the strontium 90 continues at approximately the same 
rate, as a hypothetical] matter ? 

Dr. Scuutert. This has been discussed in the hearings before. 

Representative Hoririecp. The Chair was going to say that this 
subject was treated exhaustively yesterday in the conference. I have 
no objection to the question. 

Senator Jackson. I was asking his opinion. 

Dr. Scnutert. It is my feeling that we can compare strontium 90 
radiation at least to cosmic radiation, because the energy is roughly 
the same. To the other natural background it perhaps makes some 
difference. But the strontium 90 radiation today is about 2 percent 
of normal background. If testing continues at the present rate, it is 
calculated that this will go up by a factor of about 8 ultimately. So 
that this would make it 16 percent of the normal radiation. 

Senator Jackson. What about bone cancer? What is going to be 
the pattern ? | 
_ Dr. Scuurert. Whatever the effect of natural background is today, 

this would be increased by 16 percent. Youcan make certain assump- 
tions as to how much bone cancer is due to natural radiation, and this 
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is uncertain, but whatever the effect is, it would be 16 percent greater, 
That is the way I look at it. 

Senator AnpErson. I have one question I have been wanting to ask 
with reference to this. The chart shows that 98 percent of the total 
radiation is background, and 2 percent may be accumulation from 
testing and other things. Is there a possibility that the 98 percent may 
not be as destructive as the 2 percent? By that I mean, is there a 
possibility that we may have developed through thousands of years 
a tolerance to cosmic rays that we do not have to strontium ? 

I see some shaking of heads, but nonetheless I recognize that when 
we first put out DDT, it was very effective for certain types of insects. 
Gradually they have developed quite a tolerance to it. We can go 
through a whole list of remedies and new devices that we have taken, 
such as penicillin in the human, and the human develops the situation 
after a while where his diseases do not respond to penicillin, because a 
tolerance has been developed to it. Could it be that over thousands 
and maybe millions of years of existence humans have become accus- 
tomed to cosmic rays, and therefore are not damaged by the natural 
background radiation to the same degree that they are bothered by 
this wholly new substance, strontium 90, that we never knew until 
19452 . 

Dr. Scuutert. I think in science in general, and particularly in 
biological science, it is difficult to state anything with absolute cer- 
tainty. <A scientist thinks in terms of probabilities. My own opinion 
is that if the energy of the cosmic radiation is very close to that which 
we get from strontium 90, if we have accustomed ourselves to radia- 
tion from cosmic ray, we have also accustomed ourselves to the radia- 
tion from strontium 90, there would be no added factor. 

How sure am I? I can only guess, and I can say I am 99 plus 
percent sure of this. Since the energies are not exactly identical, it is 
possible that this precise energy of strontium 90 could hit a vital 
enzyme in a very special way to break a very critical bond and be 
much more hazardous. I say the chance is one in a thousand or less. 
This is the best I can do. 

Senator Anperson. I realize that nothing is provable, perhaps, with 
reference to this, but it does seem strange that for a long, long time 
we have stressed the benefit of sunshine. I recall when I first went 
to the Southwest suffering with tuberculosis the very first thing the 
doctor stressed to me was that sunshine was going to be my great 
curative power. We have had testimony that all types of certain 
rays—I am not talking about cosmic rays, but strontium 90 and 
others—may be harmful. I am wondering if natural background 
radiation is also harmful because we have been talking about living in 
the sun. If you look at the population statistics, there is a tendency 
in this country to move into the more sunny States. I just wondered 
if it is not possible that the human being has not developed a tolerance 
to sunshine that perhaps makes it beneficial to him. It is a matter 
that probably is not of importance. I wondered why we worried 
about strontium 90, if we are worried, and I am, if only a minute par- 
ticle of radiation we are now receiving and such a large part is already 
natural background. | 

Dr. Scuutert. I share your reaction to the fact that so much is made 
of the fallout of strontium 90 when the natural background we have 
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about causes much more radiation. In fact, in the conclusion of my 
remarks, I do bring out the fact that I think this discussion of fallout 
should remind us of more important radiation hazards. If it is true 
that living in a brick house today on the average will give you 20 
times the radiation that our present load of strontium 90 will give 
us, is it not important to try to change our technology to either get 
this radiation out of the bricks or find substitutes for the brick? If 
it is true that the average chest X-ray will give you 50 times the radi- 
ation that you get from strontium 90 in a year today, and if a fluoro- 
scopy gives you better than a thousand times, should not these be more 
rigidly controlled? Shouldn’t both the practitioner and the layman 
be educated, and shouldn’t research be done so that these things can 
be reduced to a minimum, still consistent with their need in medical 
practice ? 

I think this is true and the people get frightened about fallout and 
forget the fact that they have had six X-rays in the last 3 years, or 
had a fluoroscopy and don’t worry at all about it. 

Representative Hotrrreip. You may proceed. 

Dr. Scuutert. The other area of defining the hazard, if we confine 
it to strontium 90, which is the principal hazard, after we know this 
level, what will the physiological effects be. This has been dealt with in 
earlier testimony this week. This is an important problem. Of 
course, research should be continued so we can define as well as pos- 
sible what the physiological hazard is. 
~ From what I gathered earlier in the week, these things are known 
toa degree, The degree is not good. Perhaps it is a factor of three. 
This is much better than knowing nothing about it. We know it to 
a degree, but it is important to define the degree more precisely. 
Then going on to trying to reduce the hazard, there are a number 
of aspects we can consider along this line. Principally again if we 
stick to strontium 90, how do we reduce the amount of strontium 90 
that remains or finds its way to the bone for a given amount of stron- 
tium 90 which is released or finds its way into the soil. 

If we consider the strontium 90 in the soil, there may be ways to 
reduce its uptake by plants. This has been considered and it is a 
tough problem. Once it gets into the food there may be ways to 
get it out of the food in some instances, but the only example I can 
think of, is the case of milk. It is possible to take the strontium and 
calcium out of milk and replace your calcium so that you have milk 
with no strontium 90. 

This is, I am sure, very expensive and technologically it would be 
very difficult to do.on a routine basis. 

T would like to confine my remarks primarily to the fact that given 
« certain amount of strontium 90 in the food, how can we reduce the 
amount that lodges in the bone. There has been some study on this. 
Dr. Laszo, the chief of the division of neoplastic diseases at Monte- 
fiore Hospital, has studied this problem. He has studied the prob- 
lem in patients who have received for medical purposes strontium 89. 
Strontium 85 is another isotope of the element strontium. It differs 
by virtue of the fact that it has a physical half life of only 65 days 
whereas strontium 90 has a half life of 28 years. We would expect 
the strontium 85 to behave chemically and biologically in the manner 
identical to strontium 90. In fact, this is the basis of all tracer work, 
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and has been well established, I think. Therefore, we can assume 
that this is true, and use strontium 85 in our experiments. 

What Dr, Laszlo has done is to run what we call a balance study 
in patients, and the balance study involves the careful measurement 
of the ingestion of the material, strontium 85, and then a careful 
measurement of its elimination. Thus if you take the amount in- 
gested, subtract the amount which is eliminated, you have the net 
uptake by the body. So our problem, then, resolves itself into how 
can we make this net uptake as low as possible. 

Dr. Laszlo and others have found that you can do this to some 
extent by administering certain therapeutic agents, such as calcium 
gluconate, chelating agents, ammonium chloride, and others. ‘There 
are two difficulties, I should say, with the experiments. 

One is that these are in hospital patients, and the number of hos- 
pital patients who are candidates for strontium 85 administration are 
strictly limited. So itisa very limited study. 

Secondly, when we test this removal we test the removal of stron- 
tium 85 which is administered over a short period of time, and this 
is not the same as testing the removal of strontium 90 which has been 
ingested in small quantities for a number of years. So the results are 
not directly comparable. 

I think we can now obviate these difficulties because at the present 
- level of strontium 90, it is. now possible to measure directly the stron- 
tium 90 intake of an individual and his excretion, so that we can do 
this on you or I or anybody, and having found the net retention under 
today’s conditions, then try various agents to reduce this net retention. 

I should add, however, that although you can do it on yourself, and 
I ean do it on myself—in fact, our Lamont group has just completed 
a dietary phase of such a study, although we don’t have the numbers 
as yet—for the long haul it is much more convenient, shall I say, to 
do this on hospital patients in a metabolic ward. Shall I say it is 
socially inconvenient to carry around a suitcase. 

So we plan to expand our studies in this direction, not only getting 
the net retention under present conditions and studying them with 
various prophylactic and therapeutic agents, but this will give us 
direct results on this discrimination factor which has been bandied 
back and forth, another factor which should be known with more 
precision. 

If we can actually do the discrimination under normal conditions 
with strontium 90 and common calcium, this should give us the 
answer in this area. 

I believe that concludes my remarks, 

Representative Hortrrevp. Thank you very much, Dr. Schulert. 

Senator Jackson. Thank you. You have presented a very good 
statement. 

Representative Hortrretp. Are there any comments on Dr. Schu- 
lert’s statement that anyone would care to make at this time? 

Dr. Dunuam. I am only glad to say that I am happy he was given 
the opportunity to tell you of the painstaking work involved in these 
discrimination factors. 

Representative Horremrp. Then we will have the Public Health 
Service witnesses on next. We have Dr. LeRoy E. Burney and Dr. 
James A. Shannon. Before they present their statements I will insert 
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in the record at this point a statement from Dr. Henry Blair, direc-. 
tor, University of Rochester Atomic Energy Project and his associates, 
(The matter referred to is as follows:) 


THE UNIVERSITY OF ROCHESTER, 
ScHOOL or MEDICINE AND DENTISTRY, 
Rochester, N. Y., June 10, 1957. 


A SolentIFIc STATEMENT TO THE JOINT CONGRESSIONAL COMMITTEE ON ATOMIO 
ENERGY 


(Atomic energy project—Administered by the department of radiation biology 
under contract with the United States Atomic Energy Commission ) 


Mr. Chairman, the following statement represents the considered scientific 
judgment of the undersigned relative to one of the directions in which we believe 
the research program in biological and medical sciences dealing with radiation 
effects should be oriented for the next 10 to 20 years. 

Increased emphasis and support should be afforded to long-term studies of. 
radiation effects in longer lived species of animals such as dogs and monkeys 
whose general physiology and life span more closely approximate those of 
man. 

Much of the present discussion and difference of opinion concerning the bio- 
logical hazard of atomic fallout and the hazard of exposure to ionizing radiations 
result from the fact that data from which one can confidently draw conclusions 
which potentially affect the future of man and of our biosphere are sparse. 
Many of the available data are based upon painstaking attempts to reconstruct 
the conditions under which humans were accidentally exposed to toxic materials 
as long as a quarter of a century ago. There are obvious limitations to the 
reliability of such data. Other data are based upon careful experimentation with 
laboratory rats and mice. As useful as the information obtained in studies of 
such short-lived animals has proven to be, one must be extremely cautious in 
extrapolating such information to problems affecting man. 

By way of perspective we might note that a life-span study using mice requires 
8 to 4 years from inception to completion. Similar studies in the laboratory 
rat may require 4 to 5 years to complete. Studies in longer lived species such 
as the dog and monkey, whose physiology and life-span characteristics make 
them more nearly comparable to man, may require from 7 to 15 years for com- 
pletion. 7 

It is only when long-term studies, some of which are now in progress, have been 
completed and the information analyzed will we be able to assess with confidence 
the influence of atomic energy upon man’s biological future. 

Scientists are somewhat hesitant to undertake such studies for two very im- 
portant reasons: : 

1. Such chronic experiments are extremely difficult to perform and some- 
times may appear to be impossible to complete. Undertaking these experi- 
ments may involve an investment of 5 to 10 years of a man’s time before — 
significant scientific contributions appear. Unfortunately a scientist is 
judged frequently by his immediate scientific productivity and not neces- 
sarily by what he might contribute many years hence. 

2. The scientific hazards of long-term investigations are of such a nature 
that even after many years of intense and careful work the experiments 
may “blow up” as a result of disease or epidemics or accidents in the experi- 
mental colony. 

Thus the scientist who undertakes work of this nature takes two deliberate and 
calculated risks—the probable decrease in immediate scientific productivity upon 
which advancement depends; and the possibility that the experiment may never 
answer the questions it is designed to answer. 

Laboratory program directors and responsible scientific administrators sup- 
port long-term programs with some trepidation, because such programs are 
extremely expensive to support and tend to reduce the flexibility of a labora- 
tory in pursuing important shorter term objectives. The nature of fiscal sup- 
port of research is such that a minor fluctuation in the level of support afforded 
a laboratory which has long-term research commitments can wipe out much 
worthwhile short-term research, whereas a substantial budgetary fluctuation 
may wipe out partially completed work involving many years of scientific effort. 

We stress the need for balance and continuity in the support of fundamental 
and applied research of a short-term nature and research of a long-term nature. 
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To permit one type of research to prosper at the expense of the other is to 
jeopardize scientific progress. 

Some of the problems resulting from exposure to radiation which are subject 
to systematic attack by long-term investigations are the following: 

1. The relationship of radiation exposure to somatic and genetic mutation. 

2. The factors influencing development of cancer and the experimental 
therapy of cancers. 

3. The aging process, whether aging results from exposure to ionizing 
radiation, exposure to toxic chemical agents, or to natural causes. 

4. Fertility and sterility. 

The above concepts and opinions are based upon many years of personal 
experience and observation of both the physical details of performing scientific 
research and in administrative responsibility for broad programs. 

We believe that a statement by the members of the Joint Committee on 
Atomie Energy affirming its belief in the necessity and desirability of perform- 
ing long-term animal experiments in the broad fields of radiation effects, carcino- 
genesis, and cancer therapy, of the aging process, and of genetics would have a 
widespread and beneficial effect upon both the scientists who must eventually 
perform this research and upon the public as a whole, whose concern about 
these problems is already evident. 

Henry A. Buatr, Ph. D., 
Director, Atomic Energy Project and Professor of Physiology. 
HArRotp C. Hopes, Ph. D., 
Chief, Division of Pharmacology and Professor of Pharmacology and 
Toxicology. 
WILLIAM F. BALE, Ph. D., 
Chief, Division of Radiology and Biophysics and Professor of Biophy-ics. 
JoE W. HowLanp, Ph. D., M. D., 
~ Chief, Medical Division, and Professor of Radiation Biology. 
LAWRENCE W. TUTTLE, Ph. D., 
Chief, Radiation Toxicology Section, and Assistant Professor of Radi- 
ation Biology. 
GEORGE W. CASARETT, Ph. D., 
Assistant Professor of Radiation Biology. 


Representative Honirrerp. Dr. Burney, we are happy to have you 
before us again. Would you like to proceed with your statement ? 


STATEMENT OF DR. LEROY E. BURNEY,? SURGEON GENERAL, AC- 
COMPANIED BY JAMES G. TERRILL, JR., CHIEF, RADIOLOGICAL 
HEALTH PROGRAM, PUBLIC HEALTH SERVICE, DEPARTMENT 
OF HEALTH, EDUCATION, AND WELFARE 


Dr. Burney. Thank you, sir. 
Mr. Chairman and members of the committee, it is a privilege to 
appear before this committee, and I do appreciate, on behalf of the 


2Date and place of birth: December 31, 1906, Burney, Ind. Education: Butler Uni- 
versity, Indianapolis, Ind., 1924-26; Indiana University, bachelor of science, 1928; doctor 
ef medicine, 1930. Passed Indiana State Board of Medical Examiners, 1930. Rocke- 
feller fellowship in Johns Hopkins University School of Hygiene and Public Health, 
1931-32, doctor of medicine in public health. Work history: Interned at U. S. Marine 
Hospital, Chicago, Ill., 1930-31; commissioned in Regular Corps of the Public Health 
Service, 1932; established first mobile venereal-disease clinic service in Brunswick, Ga., 
1937-89 : Assistant Chief, Division of States Relations, Public Health Service, Washington, 
D. C., 1948-44; detailed to Navy for 5 months in 1944 and sent overseas by War Shipping 
Administration to investigate and determine effective measures for diminishing amount 
of communicable diseases in various Mediterranean ports, especially venereal diseases ; 
director of district No. 4, Public Health Service, New Orleans, La., 1945; secretary and 
State health commissioner, Indiana State Board of Health, on detail from the Publie 
Health Service, July 1, 1945, to eat 1954; Assistant Surgeon. General and Deputy 
Chief, Bureau of State Services, Public Health Service, August 1954 to 1956. Recess 
appointment as Surgeon General, Public Health Service, August 1956. Membership: 
American Medical Association, Indiana State Medical Association, Indianapolis Medical 
Society, fellow of American College of Physicians, fellow of American Public Health Asso- 
ciation, past president of State and Territorial Health Officers, conference of State and 
Provincial Health Officers, Indiana Public Health Association, founders group and trustee, 
American Board of Preventive Medicine, regent for region 4, American College of Pre- 
ventive Medicine, Commission of Chronic Iliness. (Submitted by Department of Health, 
Education, and Welfare.) 
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Public Health Service, an opportunity to discuss briefly the deep inter- 
est which the Public Health Bess has in the subject of radiation and 
radioactive fallout, and the activites in which we are engaged. 

As the principal health agency of the Federal Government, the Pub- 
lic Health Service is concerned with all those factors in our society 
which affect the health of people. We in the Service believe—as do 
our colleagues in public-health work throughout the country—that the 
emerging and challenging problem of radiation deserves the most care- 
ful study and attention. I believe two essential points have been 
brought into focus: 

The first is the great increase in sources of radiation as a result of 
the accelerating use of nuclear energy for all purposes—military, in- 
dustrial, and scientific. This will require an acceleration in radio- 
logical health research and in the development and application of 
public health control measures. 

The second point is that the varying views that have been expressed 
by scientists illustrate the lack of definite, generally accepted knowl- 
edge about the effects of radiation on human health. It is clear that 
we do not yet know the full consequences of chronic low level exposure. 
Geneticists have raised the question of the genetic effect of radiation 
on future generations. 

What has been the role of the Public Health Service with respect to 
the problem of radiation? What can be done to protect people from 
its possible hazards and at the same time promote its beneficial uses? 
What is needed to help State and local agencies which are responsible 
for health preservation of the public? 

In considering these questions, we must keep clearly in mind that 
health agencies must deal with the total problem of radiation, of which 
fallout, of course, is a part. For example, the efforts of the Public 
Health Service in this problem go back over several decades. 

In the 1930’s, the Public Health Service industrial health personnel 
shared in the investigation of radium poisoning among painters of 
clock dials, and later helped solve the problem of safe disposal of radio- 
luminous instrument dials. In 1940 the Public Health Service con- 
ducted basic work on radium and X-ray health hazards in hospitals. 

Dr. Leonard Scheele, the former Surgeon General, participated in 
this work, along with Dr. Lorenz, who was mentioned this morning. 

Research conducted by the Service staff members contributed signifi- 
cantly to the establishment of human tolerance for radiation and per- 
formed other staff work at the Manhattan District project. Asa re- 
sult of these studies, Dr. Egon Lorenz served as a consultant in radi- 
ation protection at the Manhattan District. Early in the development 
of mass X-ray programs, the Service developed techniques for safe- 
cuarding the health of the operators of X-ray machines. In 1948 the 
Service set up a branch to conduct training and investigations in the 
growing field of radiological health. ‘That branch has been active in 
providing services to the States in this field. 

In addition, the Public Health Service has carried out for the 
Atomic Energy Commission and Joint Task Force 7 the monitoring 
of levels of radioactivity at the Nevada and Pacific Proving Grounds. 
We have presented a technical paper on this activity for your records, 
(See statement of James G. Terrill, Chief, Radiological Health Pro- 
gram, USPHS, p. 328.) In this activity, we have concentrated on 
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measuring the radiation received by people in the offsite test areas 
and on studying the means to reduce exposure. We have also studied 
reactor waste treatment and discharge problems in cooperation with 
the Atomic Energy Commission. 

In sum, therefore, our concern has been with the total radiation 
exposure of people, whether the source is natural background, medical 
equipment, nuclear reactor plants, or weapons testing programs. We 
have undertaken to discover how much and what. kinds of radiation 
emanate from the various sources and how each affects human beings. 

The problem is complex. Ionizing radiation, for example, is an 
important tool in medical diagnosis and treatment, and each year 
helps conserve the health of thousands of people. Yet it can obviously 
cause undesirable and sometimes dangerous effects and, if not used 
with utmost care, can produce, for example, the cancer it is employed 
to cure. Thus public health agencies are faced with the problem of 
promoting the maximum use of this valuable tool and at the same time 
of developing protective measures against the potentially harmful 
effects. 'The deceptive latent period between exposure and effect, the 
cumulative nature of the action, and the difficulties in measuring 
radiation have commanded the attention of health workers throughout 
_ the Nation. 

The National Academy of Sciences has said that the healing arts 
probably constitute the largest single manmade source of external 
radiation at the present time. The fact that exposure from other 
sources is on the increase makes it necessary to reexamine and reassess 
the use of radiation for research and for healing purposes. Exposure 
levels from a given source which might have been acceptable in the 
past may now—or in the future—become hazardous when added to 
the exposure from other sources. 

Turning now to the specific problem of fallout, there seems to be 
general agreement that the principal long range hazard from weapons 
testing is through the production and assimilation of strontium 90. 
The most significant question in the strontium picture is the maximum 
permissible concentration for human beings. This aspect of the 
problem is further complicated by the fact that children probably 
assimilate strontium to a greater degree than adults because their 
bones are growing, and the rapidly growing tissues of the child are 
more susceptible per unit of radioactivity. The current concern with 
this radioactive element must not preclude, however, the continuing 
study of other radioactive elements, either alone or in combination. 

Along with many other agencies we in the Public Health Service 
recognize the potentialities of the proportional or linear relationship 
of radiation effects to dosage, particularly with regard to genetic, 
cancerogenic and aging effects. Pending further evidence, we believe 
that the recommendations of the National Committee on Radiation 
Protection represent a reasonable balance between radiation effects 
and exposure. There is a great need, however, to measure existing 
radiation levels accurately and to resolve in a more definitive way the 
biological relationships involved. 

The question of biological relationships will be discussed in greater 
detail by the Director of the Public Health Service’s National Insti- 
tutes of Health. But I do wish to point out now that we are vitally 
interested in obtaining better data on the fundamental relationships 
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beween radiation and man. We do not expect to obtain conclusive data 
in this area in a short period of time. ed eastattory answers will re- 
quire careful and extensive studies. 

Much of our current information on the effects of radiation, par- 
ticularly the delayed effects of low-level radiation on human beings, 
is extrapolated from studies with animals. These studies indicate 
that the damage produced from such exposures is generally similar to 
diseases and other abnormal conditions already present in the popula- 
tion from causes other than radiation. It follows, therefore, that 
statistically valid analyses of changes in the incidence of such condi- 
tions in the population are needed in order to assess the impact of 
radiation on man. 

A sound scientific basis for collection of data of this type is through 
epidemiological followup studies of relatively large numbers of people 
who are incidentally exposed to known amounts of radiation. Studies 
can be made with groups in certain industries and the healing arts in 
which the exposure history can be obtained or measured. Epidemio- 
logical studies with these groups are fundamental to the problem of 
obtaining data on which to base realistic, maximum permissible ex- 
posure limits, as well as to calculate the risks incidental to any given 
radiation exposure. 

One such study which the Public Health Service is conducting is a 
long-term followup of the health status of uranium miners on the 
Colorado Plateau. Several years ago work was initiated to determine 
the extent of radioactive contamination of the atmosphere in uranium 
mines and to study and put into effect appropriate control measures. 
The environmental aspect of this study is continuing, and periodic 
clinical examinations are being made on more than 1,100 uranium 
miners. One such clinical examination is now being made on this 
eroup of 1,100 miners. Additional information on this study has 
been submitted to your committee for the record. 

Senator ANpERSON. Does that study show anything thus far? 

Dr. Burney. No, sir. 

Senator Anperson. They have been mining on the plateau for many 
years. Have you see anything yet? 

Dr. Burney. No, sir. We have not found anything in this period 
of time, but we rather doubted that we would, although some of these 
people go back to around 10 years of having worked in this area. 
A large number of them worked in this atmosphere only for 2 or 3 
years. With the long latent period we are not surprised not to have 
found anything. 

Senator Anperson. Is there any difference in the big Indian area of 
Utah as compared to the sort of open pit mining that has taken place 
in the grants area ? 

Dr. Burney. May I refer that to Mr. Terrill here, who has been 
doing that work ? 

Senator Anprerson. I do not care who you refer it to. Is there a 
difference in the development of exposure inside a mine like the 
Mivida mine as contrasted with the open mining that Anaconda 
is doing in the Ambrosia Lake area? | 7 

Dr. Burney. I would suspect that there is, but I would want 
Mr. Terrill to answer that question. 
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Mr. Territi. The principal method utilized to lower radiation ex- 
posure in the mines is related to ventilation. So the actual con- 
centrations to which the miners are exposed are a function of the ven- 
tilation in those mines, as well as the concentration of the uranium 
ores. 

Senator AnpEerson. That is interesting, but does it answer my ques- 
tion? There is no ventilation in the Anaconda open-pit mine. There- 
fore, I am trying to find out is there any difference in the way a miner 
is exposed inside a mine of the Mivida nature as contrasted to the 
open-pit mining in the Anaconda mine? 

Mr. Territy. Sir, I got the location of the Anaconda mine, but 
what was the other place? 

Senator Anverson. The Mivida mine in the Big Indian country 
in Utah. Take any one. I do not care which one you take. 

Mr. Territu. They have been relatively small mines. 

Senator AnpErson. They are ventilated ? 

Mr. Territy, Yes. 

Senator Anprerson. Does a miner working in the shaft of that mine 
with a relatively high uranium content ore, contrasted with work 
outdoors with the low-grade ore of the Anaconda Co. pick up more 
harmful radiation? Seventy percent of all known uranium reserves 


_ of this country are located where the open-pit method can be used. 


.Mr. Territy. Generally a person who is mining in an open pit 
would receive less radiation exposure than one who was working in a 
mine where you are dependent on artificial ventilation. On the basis 
of field tests the natural ventilation prevents the accumulation of 
ae and its decay products and thus reduces exposure very signifi- 
cantly. 

Senator Anprerson. Do we have any study which proves that? 

Mr. Territt. We have a detailed study on underground mines, sir, 
and I think we have submitted it for the record. We have not studied 
open pits so intensively because the gross measurements have been so 
low. All of the details and all the mines that we have investigated 
have been written up and published in an article by Holiday and 
others working out of our Salt Lake City field station. 

Senator Anprerson. Does the examination of these 1,100 miners 
show that they get a relatively larger exposure than those individuals 
not working in mines, and do we therefore conclude that miners 
working in the unanium mines need to be rotated more than miners 
working in a lead, copper, or coal mine ? 

Mr. 'Trrriti. Generally they receive more exposure to radioactive 
materials than other miners. 

Senator Anprerson. I am sure they receive more exposure if they 
are in a uranium mine than if they are in a coal mine, but what does 
it do to them ¢ 

Mr. Terriu. That is what the clinical studies are intended to de- 
termine over a period of time. 

Senator Anprrson. Then is the answer, We do not yet know ? 

Dr. Burney. The answer is we do not know. In this study, as in 
similar environmental health programs, we have made use of the 
cooperative relationships built up through the years with the State 
and local health agencies. In assessing the health problem, these 
agencies must consider exposure from all sources of ionizing radia- 
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tion—weapons, reactors, industry, medicine, and natural background. 
If the total exposure begins to approach maximum permissible con- 
centrations, it 1s important that public health agencies seek ways to 
assess the significance and to apply techniques to maintain exposure 
at the lowest practicable level. 

Senator Anperson. In your statement you say the most significant 
question in the strontium picture is the maximum permissible con- 
centration for human beings, and here you have said something about 
the maximum concentration. 

Dr. Burney. We have been using the recommendations of the Na- 
tional Committee on Radiation Protection. 

Senator Anprerson. Do you subscribe to that? 

Dr. Burney. Yes, sir. 

Senator AnpErson. Did you make an independent investigation of 
it? 

Dr. Burney. I can’t answer that. We do work with Dr. Taylor 
and his group on this. 3 

Mr. Trerrtti. The Public Health Service is represented on the Na- 
tional Committee on Radiation Protection and all of the data that 
we collected through our National Institutes of Health or other studies 
are routinely submitted to the National Committee, and considered by 
it and our membership on it; yes, sir. | 

Dr. Burney. In other words, control procedures to minimize indi- 
vidual hazards should accompany any anticipated increase in radio- 
logical exposure. . 

Through measurement and epidemiological techniques, we should 
be able to evaluate in the field many of the sources and to obtain: 
reliable estimates of exposure. This should lead to specific and prac- 
ticable suggestions on ways in which radiation exposure can be re- 
duced. For example, our studies of water decontamination indicate 
that the most practical method of reducing radiation exposure from 
water supplies is through adequate waste treatment and through 
monitoring and bypassing that portion of the water supply which 
may temporarily contain undesirable amounts of radioactivity. In 
order to do this, it will be necessary to do more frequent sampling of 
water supplies to keep track of any increases over normal background 
radiation. 

Senator Anprrson. When you refer to waste treatment, is there 
some established pattern of treating wastes? 

Dr. Burney. We are investigating, again in some instances, with 
the Atomic Energy Commission and some on our own at the Robert A. 
Taft Sanitary Engineering Center at Cincinnati, the problem of 
treatment of industrial wastes or other radioactive waste. As far as I 
know, there is no economical and satisfactory method at the present 
time for major sources of nuclear waste. 

Senator ANprerson. I read your sentence again. For example: 
our studies of water decontamination indicate that the most practical method 
of reducing radiation exposure from water supplies is through adequate waste 
treatment. 

In order to find that out, you must have know what adequate waste 
treatment was. What was it? 

Dr. Burney. This would depend on the elements that were present 
in this treatment. We do know that normal waste treatment, includ- 
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ing filtration and aeration and even chlorine treatment, does not 
remove all of the radioactive material. But it does help to a certain 
extent. 

Senator ANDERSON. To what percentage would you estimate aera- 
tion would remove the waste ? 

Dr. Burney. I will have to ask Mr. Terrill for the answer. 

Mr. Trrritt. Mr. Anderson, we have found that normal types of 
treatment remove radioactivity only in terms of ‘percentages com- 

arable with other similar chemical substances. In most instances 
in the radioactive waste treatment we are interested in removing 
substances by several orders of magnitude. Those orders of magni- 
tude, of course, vary anywhere from your high-level wastes that you 
have to treat at AEC processing installations on down to relatively 
low levels of waste that you get either industrially or from medical 
uses. Special waste treatment methods, such as distillation and ion 
exchange remove radioactivity by many factors of 10, but these 
methods are comparatively expensive and don’t solve the disposal 
problems. 

Dr. Burney. His question was what percentage of removal can we 
expect from waste treatment. 

Senator AnpERSoN. That isright. You have a reactor operating at 
Hanford. It has radioactive wastes. What percentage of the radio- 
active waste in there could be handled by aeration, as you have sug- 
gested? Practically none? . 

Mr. Trerrity. Practically none. 

Senator ANnprerson. You could say that for the other accepted 
fashions? 

Mr. Territz. Yes; for normal waste-treatment methods. 

Senator ANDERSON. We do have a problem of waste disposal, do 
we not, that has not yet been solved ? 

Dr. Burney. That is correct. 

What is needed, generally speaking, is a program that will be alert 
to any changes in our radiation environment and that will be ready 
to institute contro] measures which may be called for. 

In the field of medicine, advances are being made in radiological 
techniques which result in lower exposures to clinical personnel as 
well as to patients. A concerted effort on the part of the health 
professions 1s needed to control harmful amounts of radiation in con- 
nection with diagnositic procedures—and such an effort is already 
underway. 

These are but a few of the areas in which action can be taken. 
Their effectiveness, however, depends to a considerable extent on the 

articipation by official health agencies and educational and scientific 
institutions, as well as on the close cooperation of the civilian and 
military agencies of the Federal Government. 

In order to assume their proper roles, States and local agencies— 
in whom basic responsibility for protecting the health of their citizens 
rests—need to develop more technical competency in the field of 
radiological health. The Public Health Service has been able to 

rovide short orientation and special training courses, primarily to 
tates and local health personnel. We have also used our commis- 
sioned officers in monitoring radioactivity levels for the Atomic 
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Energy Commission in Nevada, thus providing firsthand field ex- 
perience to ih ersonnel from health agencies. 

To meet the long-range needs of health agencies, we believe it will 
be necessary for the professional and scientific schools of the country, 
which provide the basic training for our health workers, to strengthen 
their programs. Some Federal assistance is being provided through 
our general public-health traineeship program and through the re- 
search grants and fellowship programs administered by the Public 
Health Service’s National Institutes of Health. It is apparent, how- 
ever, that more specific emphasis will be necessary to provide the 
number of trained persons required. 

In summary, we believe that radiation is a health problem of grow- 
ing significance. Health agencies are, of course, looked to for leader- 
ship and counsel wherever a health problem exists and they must 
face the problem of radiation as it relates to health with vigor and 
determination. To do the job will require cooperation among all’ 
concerned at all levels of government. The Public Health Service 
pledges itself to this ideal. 

Senator ANpERsoNn (presiding). Are there any questions? 

Chairman Durnam. Doctor, I am sorry I was not here at the be- 
ginning of your statement. What kind of a setup have you got in 
your department for this type of operation ? , 

Dr. Burney. Basically we have two groups that are concerned with 
this problem. One is at the National Institutes of Health, where 
research and training in the broad field of physical biology which 
includes radiobiology has been done for many years, in which research 
is done within the various institutes—the National Cancer Institute, 
the Heart Institute, the Arthritis and Metabolic Institute—and also 
in which grants are made to outside scientific institutions for research 3 
in the field of radiobiology. 

We have at this present year, I believe, about $2 million worth of 
grants going to scientific institutions for research in radiobiology 
itself.. Then training programs for training research workers in the 
various sciences related to radiobioloey—biophysicists, biochemists, 
and similar groups. 

Chairman Duruam. Is that entirely related to the field of radiation ? 

Dr. Burney. Yes, sir. It includes the effects of radiation in pro- 
duction of cancer. It is not entirely on the matter of radiation 
exposure as we are talking about it here. 

Chairman Duruam. Is all of that information made available to 
the different State public-health agencies? 

Dr. Burney. Yes, sir, it is. Then in addition to that, in our field 
activities we have a very ‘effective relationship with the Atomic Energy 
Commission and have had for a number of years in working with them 
on field studies. We have one or more men working at the Oak 
Ridge Laboratory, on the industrial waste prcblem “that Senator 
Anderson mentioned, to try to solve that. We are also doing work 
at our sanitary engineer ing center in Cincinnati, in trying to evolve 
methods of disposing of radioactive wastes, and measuring radiologi- 
cal effects. 

We are concerned in our air-pollution program as well as our water 
pollution with developing better sampling techniques, both in air and 
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th Of course, radioactivity detection is an important part of 
at. 

Chairman Durnam. You have full cooperation from the AEC in 
all matters pertaining to this? ) 

Dr. Burney. Yes, sir; we work very closely with them. 

Chairman Duruam. Can you give the committee the amount of 
money that your agency is spending on this program ? 

Dr. Burney. Excluding the National Institutes of Health—as I 
say, $2 million of those funds is for extramural research grants—Dr., 
Shannon may be able to tell you exactly how much we spend on our 
intramural programs. He tells me $250,000 on direct research. 

Chairman Durnam. Do you submit a separate budget for this, 
Doctor, identified as radiation health hazard ? 

Dr. Burney. No, sir, it is not; it is part of the National Cancer 
Institute budget, part of the arthritis and metabolic-disease budget. 
We do have a special Radiation-Study Section which reviews all of 
the requests. 

Chairman Durnam. This is a growing matter of concern. Have 

you given any thought to treating this as a separate item? 
- Dr. Burney. We do have, other than. our research program at the 
National Institutes of Health, a separate item for radiological health. 
That at the present time amounts to $347,000. We requested quite 
a sizable increase in 1958. ‘The House allowance was not quite what 
we asked for. 

Chairman Durnam. Would that apply on waste hazards? 

_ Dr. Burney. Yes, sir. Research in waste treatment. It applies 
also to the training of State and local personnel in this area. It 
applies to the epidemiological studies we are trying to do, and it 
applies to the technical help we give the States. For example, one 
State wanted to develop a radiological health program. They had 
no experts. 

They asked us to lend them an expert in the field for 2 years until 
they could develop their own people. At the end of that 2 years’ time, 
they had their own people. We brought our person back and he is 
working with us again. 

So that is the kind of technical assistance that we give to the States. 

Senator Anperson. Thank you, Dr. Burney. 

(A supplementary statement by Dr. Burney follows :) 


STATEMENT TO SUPPLEMENT PRESENTATION BY THE SURGEON GENERAL, PUBLIC 
HEALTH SERVICE, DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, BEFORE 
THE JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS ON THE NATURE OF 
RADIOACTIVE FALLOUT AND ITs EFFECTS ON MAN 


An example of the long-term epidemiological and statistical study needed to 
better define the effects of ionizing radiation on humans is the continuing evalua- 
tion of the health status of uranium miners on the Colorado Plateau. Several 
years ago work was initiated to determine the extent of radioactive contamina- 
tion of the atmosphere in uranium mines and to study and put into effect appro- 
priate control measures where needed. The environmental aspect of this study 
is continuing and the data were reviewed in a recent publication by the Public 
Health Service.* 





*Control of Radon and Daughters in Uranium Mines and Calculations on Biologic 
Effects; U. S. Department of Health, Education, and Welfare, Public Health Service 
Publication No. 498. 
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Various aspects of the degree of environmental contamination and measures for 
its control have also been reviewed in other publications.’ ® * * ** ® 
Armed with knowledge regarding the levels of radiation exposure, and fol- 


lowing pilot work during previous years, a full-scale epidemiological followup — 


study was initiated in 1954. At that time, physical examinations were conducted 
on 1,124 uranium miners in the field, to serve as a baseline for future observa- 
tions. At yearly intervals since that time, a census has been conducted to define 
the current status of each individual in the study and this month a series of 
followup physical examinations will begin. To date, the followup has been 
quite successful. Although the group under study presents technical problems in 
followup that are somewhat more complicated than might be true in other groups, 
primarily because of its somewhat transient nature, approximately 95 percent of 
this original group have been successfully contacted since their original examina- 
tion. It is anticipated that by the use of more sophisticated methods which are 
available to organizations with competencies in the field of epidemiology, this 
followup rate may approach 100 percent. 

To date, it is much too soon to derive any definitive conclusions from this study. 
Among the reasons is the fact that previous experience,’ “ has indicated that the 
damage, if any, might be delayed for many years after the beginning of ex- 
posure. The following table indicates the percentages of individuals under study 
falling in each of several categories with regard to the number of years of ex- 
posure to date: 


Percentage distribution of miners by years exposure 


Years Percent Years Percent 
Léas than leiss ts ladeesesc te Be? A tonG 2 on bbe pote tere ice 14.4 
1 to: 3 hb ohne Sze Une LT? ot PONG! BB RE i Sa cea 4,2 
ads O4ite gic no abe Aa bee TT), Gt-LU UO phe 5. ck eens ae oe oe 1.0 
SO gl, Fat SE a Sea tees S°6 YES Sn Over oe enone 1.8 


Although this study illustrates some of the problems which one encounters 
in conducting a long-term epidemiological and statistical study, we believe it also 
demonstrates the fact that epidemiological studies in this field can be success- 
fully prosecuted. | 


Dr. Shannon, will you come forward please? 
STATEMENT OF DR. JAMES A. SHANNON, DIRECTOR, NATIONAL 
INSTITUTES OF HEALTH, PUBLIC HEALTH SERVICE *™ 


Dr. SHannon. Mr. Chairman and members of the committee, the 
Surgeon General of the Public Health Service has emphasized the 





2Kusnetz, H. L. Radon daughters in mine atmospheres: A field method for determining 
concentrations. Amer. Ind. Hyg. Assoc. Quarterly, 17: 85, 1956. F 

8 Tsivoglou, E. C., and H. E. Ayer. Emanation of radon in uranium mines and control 
by ventilation. Arch. Ind. Hyg., 8:.125, 1958. 

4Idem. Ventilation of uranium mines. Arch. Ind. Hyg., 10: 363, 1954. : 

6 Ayer, H. E. Control of Radon and its Daughters in Mines by Ventilation. United 
See Atomic Energy Commission AECU-2858. The Commission, Washington, D. C., 
4 


54. 

6 Coleman, R. D., H. L. Kusnetz, P. F. Woolrich, and D. A. Holaday. Investigations en 
the supplemental control of radon and radon daughter hazards in mine atmospheres. 
Amer. Ind. Hyg. Assoc. Quarterly, 17 : 405, 1956. 

7 Holaday, Duncan A. The Radon Problems in Deep-Level Mining. A. M. A. Archives of 
Ind. Health, 12 : 168-166, 1955. 

8 Tsivoglou, E. C., H. BE. Ayer, and D. A. Holaday. Occurrence of nonequilibrium 
atmospheric mixtures of radon and its daughters. . Nucleonics, 11 (9) : 40, 1953. 

(19 re Lung Cancer Among Mine Workers in Joachimsthal, Human Biol., 11: 180-143 

10 Sikl, H. The Present Status of Knowledge About the Jachymoyv Disease (cancer of 
the lungs in the miners of the radium mines), Acta. Unio Intern. contra Cancrum, 
6: 1366-1375 (1950). 

10a Date and place of birth: August 9, 1904, Hollis, New York City. Education: Bachelor 
of arts, College of the Holy Cross, 1925; doctor of medicine, New York University, 1929; 
doctor of philosophy, New York University, 1935. Work history : Instructor in physiology, 
College of Medicine, New York University, 1932-35; assistant professor of physiology, 
New York University College of Medicine, 1935-41 ; guest investigatcr, physiological labora- 
tory, Cambridge University, England, 1936; assistant professor of medicine, New York 
University College of Medicine, 1941-42; associate professor of medicine, New York Uni- 
versity College of Medicine, 1942-46; director, Squibb Institute for Medical Research, New 
Brunswick, N. J., 1946-49 ; special consultant to the Surgeon General, Public Health Serv- 
{ce, 1946-49; associate director in charge of research, National Heart Institute, National 
Institutes of Health, 1942-52; associate director, National Institutes of Health, in charge 
of intramural affairs, 1952-55; director, National Institutes of Health, 1955-. (Submitted 
by Department of Health, Education and Welfare.) 
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need for further research on the problems of radiation. It is in this 
area, and in the area of scientific training, that the activities of the 
National Institutes of Health relate to radiation. 

The National Institutes of Health, as you know, is a research and 
training organization within the Public Health Service. We support 
medical and related research in universities and medical schools 
through grants which currently total about $90 million per year. We 
administer a training program which helps support the training of 
about 5,000 scientific personnel annually. We also carry on basic and 
clinical research in our own laboratories. 

Our contribution to the problems of radiation lies primarily in 
further exploration, in our own laboratories and through research 
grants, of the manner in which radiation affects human beings. As 
the Surgeon General has pointed out, a more thorough understanding 
of the manner in which radiation affects biological systems is 
necessary. ; 

_ The basic research inquiry into the effects of radiation as it relates 
to health, I believe, can best be approached in the context of physical 
biology, broadly defined. Physical biology includes the study of the 
means by which all physical phenomena act within biological systems. 

It includes the effect of heat, cold, pressure, ight, sound, vibration, 
acceleration and deceleration, electrical properties of molecules, the 
movement of material across membranes and lonizing and nonionizing 
radiation. Asa field of study it depends heavily upon modern mathe- 
matics and physics and scientific instrumentation. 

We share the view of those who believe that physical biology as a 
discipline will, in all probability, exert a dominant force upon medical 
and biological research over the coming decades. 

Research in physical biology has for some time been a part of the 
total program of the laboratories of the Public Health Service’s 
National Institutes of Health. We have, in facet, a Laboratory of 
Physical Biology in which research in some of the areas noted above 
is now being carried on. This laboratory, for example, has been 
under contract by the Armed Forces special weapons project in studies 
dealing with post radiation infections. This collaborative project is 
still continuing. 

Another illustration, in a different field, is found in the contribution 
of the late Dr. Egon Lorenz of the National Cancer Institute to which 
Dr. Burney has already referred. His work in the general physiology 
of radiation effects, including protection against radiation damage, 
stands as a significant contribution in this field. 

The National Cancer Institute conducts a substantial research pro- 
gram in clinical radiology, together with a basic program relating 
to the biological effects of ionizing radiation. 

At the National Institutes of Health, we hope to place the highly 
specialized research in radiobiology within the context of the broad 
area of physical biology. For example, we are establishing a panel 
on mathematics attached to the research operation in physical biology. 
This panel will work on the applications of advanced mathematical 
techniques to biological problems, including the use of a large elec- 
tronic computer in the solution of these problems. ; 

Organizationally, we hope to place research in radiobiology in a 
single organization—the existing Laboratory of Physical Biology. 
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We intend to expand this laboratory at a moderate rate, primarily 
because of problems relating to research facilities and the shortage 
of scientific manpower in this field. | 

Research scientists themselves initiate the studies which are sup- 
ported by NIH grants. Hence there are limits in the degree to which 
it is possible or advisable to change emphasis in fields of study. 
Experience has shown, however, that when an area of study is promis- 
ing, investigators can be persuaded to enter or intensify their efforts. 
This is done primarily through persuasion by colleagues and a change 
of research emphasis by free choice. About $4.5 million per year in 
research grants now supports work in physical biology; of this 
amount, $1.2 million is for work in radiation biology. 

Scientific manpower is in extremely short supply in the entire field 
of physical biology, including radiobiology. Because this is a rela- 
tively new field, fully satisfying career opportunities are few in num- 
ber. A sound program for strengthening the field of physical biology 
should therefore encompass the establishment of a number of academ1 
posts with adequate status, stability and income. . 

Attraction of additional students is, of course, also important, as is 
the content and vigor of their graduate instruction. There are waves 
of advance in fields of science which attract people as new and exciting 
fields open up. Nuclear physics has been one such field. Its immense 
popularity is shown by the fact that in 1951, 86 percent of all physicists 
in the age group 25 to 29 were nuclear physicists. Among those in the- 
50- to 54-age group, only 12 percent were nuclear physicists. 

While the distribution of advanced students by field is fixed to a 
substantial degree by the stage of evolution of a science, this distri- 
bution can be affected—without producing accompanying harmful 
effects—by a carefully considered program. a 

The Institutes are establishing such a program as part of a total 
effort to increase the pool of research manpower for medicine and 
related scientists. Last year, for example, a senior research fellowship 
program was established. The fundamental objective of this program 
is to provide stable support for the most promising young investigators 
in the 5 to 10 years after they complete work for the doctor of phi- 
losophy in sciences basic to medicine. This is the critical period when 
too many younger investigators drift out of research. This obviously 
results in a loss of scientific manpower. In addition, the medical 
schools find it difficult to train people of high caliber in the teaching 
posts available for the sciences basic to medicine. 

In fiscal year 1937, about 1,000 postdoctoral and 1,000 predoctoral 
fellows were preparing for research careers with the aid of fellowship 
funds of the NIH. In addition, almost 3,000 individuals were in train- 
ing with the aid of training grants. 

Over the past few years, the Institutes have emphasized the sig- 
nificance of training to the future of research in medicine and the 
related sciences. We are referring here to training not at the highly 
specialized technical level, but at a high level of scientific competence. 

The total training activities of NIH have expanded rapidly. In 
fiscal year 1956, the appropriation for training activities approx!- 
mated $17 million, while $33 million was provided for fiscal year 1957, 

With this increase, substantial funds will be available to support 
advanced students in physical biology. Gradually, emphasis will shift 
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to the problem of recruitment and the problem of the content of train- 
ing. The problem of motivation of students to study science—a prob- 
lem which is fundamental to our national scientific effort—is shared 
by many groups ,and principally the National Science Foundation. 

On the other hand, we believe that NIH can help universities set up 
courses in physical biology which will take students to the frontiers of 
knowledge. We also believe that NIH can help outstanding men in 
the field to find outstanding students who have already acquired a 
sound university grounding in science. Drs. Schmitt and Bolt of the 
Massachusetts Institute of ‘Technology are working, on this problem 
in biophysics with the aid of a Public Health Service grant. 

In conclusion, I should like to stress our conviction that a soundly 
conceived and operated research training program is a prerequisite 
to the successful solution of applied problems of radiobiology—of 
which the problem of radiation is one. In the field of manpower 
training we believe that the Public Health Service can make a most 
significant contribution to resolution of the problems related to 
radiological health. 

Senator AnpErson. Thank you, Doctor. I am glad to hear of 
the development of this work. Are there any questions? 

Representative Corr. Mr. Chairman, I want to comment just a 
little bit on the doctor’s statement, comparing the number of nuclear 
physicists in 1951 of the 25- to 29-age group as against those at that 
time of the 50- to 54-age group. The younger group is 36 percent 
of the total, and the older-age group is 12 percent of the total. 

Frankly, I am not so much impressed by the fact that 36 percent 
of the total in 1951 were nuclear physicists, although that 1s encourag- 
ing, but I am very much impressed by the 12 percent in the upper- 
age region. ‘That would lead me to conclude that as long ago as 25 
or 80 years ago scientists became interested in nuclear physics as a 
profession. Isthatafairconclusion? _ 

Dr. SHannon. No, sir. This field was really opened up fairly 
widely in the 1930’s. I think of the 12 percent of the older physicists 
who are in nuclear physics now, a sizable proportion of them are 
in there as a result of what one might call a retread, with the acqui- 
sition of new skills. In other words, I do not believe, despite the 
fact of the upswing of nuclear physics in the 1930’s, that a sizable 
proportion of them entered this field initially. A 50-year-old 
physicist would have completed his degree in the 1920’s. This is far 
too high a proportion to believe that they originated as nuclear 
physicists. 

Representative Corr. I suspected there might be some such ex- 
planation. 

Dr. Suannon. The reason for quoting the figures, sir, is to indicate 
how one can in a carefully planned course, providing it is an intelli- 
gently planned course and makes sense, divert scientific talent with- 

out at the same time interfering with individual decisions. 
* Senator Anperson. Are there any additional questions? If not, 
this concludes what we are doing, with four exceptions. We want to 
make sure that if there are any closing and final statements that any- 
one wants to give, that we will not miss them, I particularly want to 
cell on four people. 

Dr. Waterman. 
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Representative Van Zanpr. Mr. Chairman, may I ask Dr. Burney 
# question before he leaves the stand ¢ 

Senator ANprrson. Yes. : 

Representative Van Zanpt. Dr. Burney, you conclude your state- 
ment by sayirg, “To do the job will require cooperation among all con- 
cerned at all levels of government.” ‘That poses this question: How 
active are the several States in setting up some kind of control of radia- 
tion and the use of radiation ? : 

Dr. Burney. That has been spotty, Mr. Van Zandt. Let me say 
first that there are several States, New York, California—I don’t want 
to leave out any States, but Iam naming those as examples—who have 
developed some good personnel and have what we would term a good 
radiological health program. But within the last 12 months there are 
a large number of other States which have recognized the importance 
of this problem, which have asked us for help in assigning personnel, 
or have sent personnel to our courses for training in order that 
they can go back and set up a program of their own. I would say it 
has been spotty, but it is growing now in State and local health depart- 
ments. | 

Representative Van ZAnpt. With the development of knowledge 
and its dissemination, are you satisfied with the progress that is being 
made by the several States in setting up the necessary controls? 

Dr. Burney. No, sir, but I would like to say that I am not satisfied 
with what the Public Health Service has done, either. I would not be 
too critical. 

Representative Corz. I have a question of Dr. Shannon. I had to 
hurry over your statement because I had to answer a quorum call. I 
happen to be a member of another subcommittee of this Joint Commit- 
tee that has to do with the problem of shortage of physicists, and so 
forth. Testimony that we took last year led us to believe that there is 
a terrific shortage. I am just wondering how long is this shortage 
going to exist on the effort that is being made today ? 

Dr. Suannon. I would say, to pick a figure in years, certainly it will 
be here with us for at least 5 years. That figure is taken from an 
appreciation that a graduate degree takes a minimum of 38 years, and 
even with very active prosecution of programs, a 5-year period is much 
too short a time to figure that the shortage will have been remedied. 

One of the important things is that wholly apart from the impor- 
tance of physicists to programs in radiobiology, physicists now have a 
tremendous amount to contribute to the total field of biology and medi- 
cine. They are just coming into their own. You will have competi- 
tion for physicists, biophysicists, physical chemists, and the like, from 
wholly new areas that were not available to compete for them as short 
a time ago as 5 years. 

It is really an appreciation of this acute shortage which we feel will 
grow that led us a year and a half ago to mke our first positive effort 
to provide training opportunities for these university people. 

Representative Van Zanpt. Dr. Shannon, with your knowledge of 
the overall field, is it proper to say that there is a tremendous amount 
of enthusiasm ? | 

Dr. SHANNON. Yes, sir. 


Representative Van Zanpr. And the field is attracting a lot of 


young capable people? 


Bh, 


~ 
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Dr. Suannon. I will take the “yes” back until I am sure I know 
precisely what you have reference to. ‘There is a tremendous amount 
of enthusiasm for entering training as physicists. There is not a 
proportionate amount of enthusiasm for entering the more restricted 
field of radiobiologists. There is essentially) little in the way of pro- 
fessional training programs. We in the Cancer Institute have been 
attempting to develop professional personnel along these lines in a 
very positive way for a 5-year period. We have been wholly unsuc- 
cessful. This has led us in the past year to redefine our interest as 
being much broader than radiobiology, to redefine it in terms of 
physical biology, where we feel that the career opportunities of 
sufficient vreadth will open up to attract people to them. But at the 
present time there are not sufficient university posts in the field of 
physical biology to really attract the brillant youngster. We feel 
that the field has to be defined broadly and the research opportunity 
given which will automatically attract people into the field. 

Representative Van Zanpt. Thank you. 

_ Representative Corn. How long does it take to make a nuclear 
physicist after he has finished high school ? 

Dr. SHannon. Roughly 7 or 8 years. This would be the conven- 
tional college course with a 3- or 4-year graduate course superimposed, 

Representative Cotz. That would lead to a doctorate? 

Dr. SHAnnon, Yes, sir. | 

Senator Anprerson. Dr. Waterman of the National Science Founda- 
tion. 


STATEMENT OF DR. ALAN T. WATERMAN, NATIONAL SCIENCE 
FOUNDATION " 


Dr. Waterman. I have no prepared statement, Mr. Chairman. I 
can, however, make some general comments. 

First of all, with regard to the interest of the National Science 
Foundation in this program, we are, as you know, concerned pri- 
marily with basic research and training in the sciences and in that 
program we do not ourselves conduct research; but we provide support 
for research by means of grants to institutions for the support of work 
by scientists on projects selected from these that come to us. In that 
program we do have in the biological sciences a number of grants that 
are concerned with research in genetics and related problems, which 
are basic to the general topic of this committee. When it comes to 
work which is more directly of the applied nature, then this is not a 
province of the Foundation. We would leave this to the National 
Institutes of Health, the Public Health Service, and other agencies. 


1 Pate and place of birth: June 4, 1892, Cornwall-on-Hudson, N. Y. Education: Bache- 
lor of arts, Princeton University, 1913; doctor of philosophy in physics, Princeton Unt- 
versity, 1916. Work history: Instructor in physics, University of Cincinnati, 1916-18; 2 
years military service with Science and Research Division of Army Signal Corps in World 
War I; faculty member of Yale University in department of physics until 1948, with leave 
of absence during 1927-28 on a national research fellowship to King’s College, London ; to 
Massachusetts Institute of Technology in 1937, and to Office of Scientific Research and 
Development from 1942 to 1946; appointed Director of the National Science Foundation 
April 6, 1951, and reappointed April 6, 1957; serves as a member of the Defense Science 
Board and the Advisory Panel on General Sciences of the Department of Defense, and of 
the Science Advisory Committee and the Committee on Specialized Personnel of the Office 
of Defense Mobilization. He is also a member of the President’s Advisory Committee on 
Weather Control; board of directors of the Center for Advanced Study in the Behavioral 
Sciences; board of trustees of Atoms for Peace Awards and the board of directors of the 
American Association for the Advancement of Science. (Submitted by Witness.) 
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That is to say, we are not concerned with research which is aimed at 
the diagnosis, treatment, and cure of disease; but, rather, a better 
understanding of the fundamental processes which occur in the body or 
in nature which have to deal with these subjects. | 

We have a fellowship program which provides about 800 predoc- 
toral fellowships in all the sciences each year. It is a national pro- 
gram. We also have about 100 postdoctoral fellowships, and we 
have certain other postdoctoral fellowships for really senior research 
investigators, and faculty science fellowships primarily for teachers. 

Tn our assistance to training in science, we have 96 summer institutes 
who select the field of radiobiology, but they are not large in 
number. 

In our assistance to training in science, we have summer institutes 
which we are financing this summer, whereby teachers of science can 
get together in their individual sciences for 6 or 8 weeks, for the study 
of teaching methods and study of research material for teaching use. 
Six of those summer institutes are conducted and sponsored jointly by 
ourselves and the Atomic Energy Commission in the field of radio- 
biology. It is largely to have the teachers informed with regard to 
this subject. | 

In addition, we have provided funds to the Atomic Energy Com- 
mission for a program at Oak Ridge which will train high-school 
teachers in instructional methods and send them around the country 
so that the schools of the country and educational institutions can 
learn directly about nuclear energy and radiobiology. Those are the 
activities in our program which bear directly on this program. 

The research and training aspects in this whole field are regarded as 
very important indeed. 

With respect to the general subject, I cannot qualify as a research 
expert in particular fields. However, I am a physicist by profession 
and for the past 15 years or so have been concerned with the broad 
features of various aspects of this whole subject, such things as nuclear 
weapons, nuclear power, fallout, radiobiology, and similar problems. 

In the middle of so much discussion, it seems to me, it pays to keep 
attention on some of the main features and not lose sight of them. 
This problem that we are dealing with is puzzling for a very funda- 
mental reason, because the two alternatives are not really comparable. 
On the one hand, one has the national issue of the danger of war and 
the need to have superiority in the latest weapons. If it were clear 
that anything we do could establish a clear superiority in a weapon of 
any kind, and by that act prevent war, I am sure the problem would 
be much clearer, and the country would do whatever is necessary. 
Unfortunately, the evidence in these matters is not easy to come by, 
and the conclusion is very puzzling to make. But this is a national 
question which involves primarily our own country and the countries 
of the free world, and is of the gravest importance. 

On the other hand, we have the question of fallout and the dangers 
of radiation. This is much more a personal and individual matter. 
There are individual reactions to this. Also it applies to all man- 
kind and not only our country. 

Furthermore, it involves a type of consideration which in the 
history of mankind has always been a very serious thing to face: the 


danger of the unknown. When one realizes a danger he has no 
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control over, and knows nothing about, to him it is a big danger, 
much more of a danger than a car running down the street which 
he can see and thinks he can avoid. 

The next thing is that the consequences pointed out by scientists 
are frankly ugly and repulsive to him, for example, such matters 
as the effect on future generations. So this becomes a problem which 
to the individual is much more serious in his mind than many of the 
SUeATYs more dangerous problems we face. That has to be reckoned 
with. 

It has been said before, but bears repeating, that what we are 
talking about in this fallout danger and other radiation danger is 
not a new danger. It is a danger that has already existed in the 
lifetime of mankind. The level of that is quite considerably greater 
than any new dangers we are talking about. So we are merely talk- 
ing about adding to the present danger. This then becomes a matter 
of probabilities, and probabilities are not an easy thing to get clear, 

For example, if it were established that carrying a watch with a 
radioactive dial ran 1 chance in 100 million of proving fatal to the 
carrier, I suspect that many people would continue carrying watches. 
There would certainly be a few who would stop at once. On the 
other hand, if the risk were 1 in 10, probably nobody would carry 
’ radioactive dial watches. 

The matter of estimation of the probability in this case is a hard 
thing to do and it reacts differently on different people. To take an 
illustration which is closer to this problem, we know, for example, 
that cosmic rays come in to the earth in greater quantities at the 
Poles than they do at the Equator, due to the magnetic field of the 
earth. This means that the danger from radiation from cosmic rays 
is greater at the Poles than at the Equator. Because that is true, does 
that means that the population immediately should move to the Equa- 
tor? I think that poses the kind of question we are up against. It is 
probably true they are safer there, but is it worth it? So one runs into 
that type of consideration in dealing with the whole question. 

I have just one more comment to make and then I would be very 
glad to answer any questions. While the difficulties in this are great, 
the promise of future valuable results and data bearing on the prob- 
lem is also very great. By the evidence you have heard today, there 
are a number of fields of research that are now being prosecuted vig- 
orously and in capable hands. We can confidently expect that these 
will produce results. It will be everyone’s hope that these results can 
be speeded up in every possible way. Probably as research goes on, 
more different methods will occur to us. The power of this kind of 
research is very great. From our limited point of view at the present 
time we can see certain areas that are bound to be promising. We 
know we are going to get more precise information on the basis of 
which to make decisions and in certain other directions we can find 
that certain constructive things can be done to forestall the dangers, 
such as some treatment by which the body can deal with these menaces 
more efliciently. However, at any given time there are things that are 
unforeseen that will be discovered that will be most important. 

My personal view about this is that we should lose no opportunity 
to prosecute this research in competent hands, and also that we lose 
ho opportunity to see to it that those who are attracted and have 
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ability along the lines of this type of research are persuaded to go into 
it. Research cannot be done without competent people, and we should 
therefore see to it that we train these competent people. Only by ~ 
the systematic study in competent hands will we really reach a good 
conclusion. Inthe meantime it seems to me that today’s hearings and 


the other hearings which have been held are pretty convincing testi- 


mony that by the interest and thoroughness with which this commit- 
tee has approached these problems and by the competence and thor- 
oughness with which the Atomic Energy Commission and the Insti- 
tutes of Health and others have been working along these lines, 
we have every reason to believe that we are on the right track. If 
anything else is needed—and I think it is—we have the two commit- 
tees that have been mentioned—the National Committee for Pro- 
tection Against Radiation and the committee of the National Acad- 
emy of Sciences that can be counted upon to monitor this from the 
standpoint of desirable standards of tolerance levels, and so on, and — 
also from the standpoint of review of the research which is going on. 
Tf that is done, and continued actively, it seems to me that we have 
the situation as well in hand as we could possibly hope. 

Bla a Awnprrson. Thank you very much, Are there any ques- 
tions ? 

Chairman Durnam. I have one statement. I do not believe [ ever 
heard a finer summary of the whole problem in so few words. 

Dr. Waterman. Thank you. 

Representative Corr. I was going to say exactly the same thing, 
except I may have used different words. I think it is most appro-, 
priate, Doctor, that you are the last witness. I am not sure but it pres- 
ently appears you are the last witness to make this résumé, and a © 
synopsis of the subject matter that is of concern to this committee and 
the cause of the hearing. Like Mr. Durham, I compliment you on 
your capacity to pierce through the maze of all this information that 
has been given and heard in the last 2 weeks and lay out in the ledger 
for us and the public to evaluate the different factors that are to be 
taken into consideration in striking a balance on this problem. 

Dr. WaterMAN. Thank you, sir. 

Senator Anprrson. Thank you very, very much, Dr. Waterman. 

Dr. Alexander, do you have any short comment you wish to make 
before we are thraugh with this hearing? 

Dr. Avexanprr. I might say a few words on the part of the De- 
partment of Agriculture. 

Senator ANDERSON. We certainly do not want that Department left 
out, we assure you. 

Dr. Atexanper. I thought you would not. I always feel that Sen- 
ator Anderson has an interest in the Department of Agriculture from 
some years back. 

The program of the Soil Conservation Service of the Department 
of Agriculture is entirely one of support to the fallout program that 
has been presented here. We collect samples, select areas of work 
and help in interpretation of results in relation to food supplies for 
man and animals. 

The Agricultural Research Service carries out basic research that 
contributes to our understanding of the behavior of fallout in soils, 
plants, and animals. We in ehieiDepabiahend of Agriculture are glad 
to be a part of this program. 
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I might say for Mr. Cole and Mr. Anderson that my grandchildren 
are drinking copious quantities of milk, and I have no fear whatever 
for their future from the standpoint of the hazard of strontium 90. 

Reunite Awnprrson. From the size of you, you have drunk some 

‘ourself. | 
' May we find out if either of the representatives of the Department 
of Defense have a word as we close? 

Dr. Suetron. I have no formal statement for you, but I do want 
to say a few words in order that the committee be informed of the 
fallout research being conducted in the Department of Defense, and 
principally in the Armed Forces special weapons project, a name which 
has occurred repeatedly in testimony to you. 

I would like to repeat very briefly the pertinent portions of some of 
that effort. 

In regard to Dr. Dunham’s statements to you concerning the AEC 
research program in fallout and effects on man, several of the pro- 
grams mentioned are jointly funded by the AEC and DOD. Dr. 
Dunham’s organization and the organization which I represent work 
rather closely together on these common problems, 

Representative Corr. At that point, Dr. Dunham indicated the total 
as I recall of $30 million. Does that indicate that the AEC’s portion 
is $30 million, or does that $30 million include defense appropriations? 

Dr. SuHetron. When we jointly fund a program, I would imagine 
he would include his contribution to that program and probably not 
include our contribution in the amount he has given. 

Representative Coir. Are you going to tell us what your figure is? 

Dr. Sueiton. I will indicate roughly those numbers; yes, sir. I 
wanted to indicate to you that the Department of Defense participa- 
tion in documenting fallout and its effects on man are of a research 
nature, and we do have a broad interest. The AFSWP research di- 
rectly related to fallout and its effects on man can be conveniently 
divided into three rather distinct areas. The first area in which the 
Department of Defense through the Armed Forces special weapons 
project has participated has been the documentation of fallout on the 
weapons test series. This activity has been principally concerned 
with the local fallout. Considerable effort has been expended and is 
now being expended in analyzing and reducing the data obtained to 
date. We anticipate our main effort in future will be along these lines. 

It must be realized that millions of dollars and an extremely large 
effort has been expended in documenting fallout in order that from the 
standpoint of the Department of Defense the weapons can be properly 
employed, if necessary. We are not really complacent, however, re- 
garding local fallout. 

Senator AnpErson. I saw you jump across a couple of pages. 

(Discussion off the record. ) 

Dr. Suretton. I do have a few more statements to make. 

We are not complacent in the Department of Defense regarding 
local fallout and hence we are not complacent about that portion which 
is left over, which will manifest itself in the latitudinal and the world- 
wide fallout. As new weapons and brust conditions arise, we will 
certainly document those, as well as appears feasible. 

There is a second large area in which we are participating and that 

_. is because of the importance of the worldwide fallout. The Depart- 
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ment of Defense does have a stratospheric program. ‘The Department 
of Defense program has been coordinated with a similar project in the 
AEC. The Department of Defense will continue research on world- 
wide sampling and we do utilize the private organizations for analysis 
of those samples. 

There is a final and third large area of research in the Department 
of Defense, and that concerns the laboratory programs on the effects 
of ionizing radiation on man. Lieutenant Colonel Hartgering of 
Walter Reed gave you the results of the uptake of various isotopes in 
man during testing. 

Chairman Duruam. How much of your work is classified and how 
much is declassified ¢ 

Dr. Suetron. That changes from time to time. During a test series 
the work under progress at that time may be classified. Indeed, the 
subject just mentioned as performed by Colonel Hartgering is an 
example; we did not know during the periods of taking those samples 
on the Nevada operation, and finally the Pacific operation, just what 
would turn up. We did not want to reveal the number of shots. So 
that was classified. It was classified at one time, and we reviewed 
that subject and we were happy to present those results to you and they 
were unclassified. What is classified today may not be classified 
tomorrow. 

‘ Chairman Duruam. I am speaking primarily of radiation and 
allout. 

Dr. Suetton. Details of the fallout from a specific shot of a specific 
yield, having a specific burst condition, has been treated in a classified 
manner. It reveals specific information on that particular event. 
The AEC and we have periodically released fallout patterns of a 
generalized nature to indicate the areas and hazards involved. So 
we do the best we can in getting out as much information in an un- 
classified manner. We use classified information to develop the 
unclassified. 

Representative Van Zanpt. Dr. Shelton, how long does it generally 
take you to complete oe study and then release to the public non- 
classified information ¢ 

Dr. Suevron. If something is of a startling nature, such as the 
obvious very large fallout patterns being involved with thermonuclear 
weapons, such as the March 1954 shot; we released the fallout patterns 
from that within a period of 4 to 5 or 6 weeks following the event. It 
was put in the best way we knew how not to divulge specifically the 
weapon, but to provide the necessary information to the people, and 
that came out jointly by the AEC and Department of Defense. 

Representative Van ZANbT. In other words, it takes about 4 or 5 or 6 
weeks for you to delete the classified material from the information 
which you receive after a test. 

Dr. Suetton. Typically for us to really understand what we have 
and to put it out out and not have to retract and change it. We have 
consolidated a position of accuracy of the data by then. 

Weare continuing the human measurement program at Walter Reed, 
and we are extending that to other lines of approach. Dr. Langham 
mentioned the LASL whole body counter. We anticipate using a 
whole body counter in the Department of Defense. We would have 
available to us a large group of people whom we know where they 
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have been stationed, and where they will be stationed in the future. 
We will be checking some personnel and we hope to make a contribution 
in that area. 

Concerning the effects of strontium 90 on man, we are jointly fund- 
ing with the AKC two sizeable projects, one being the strontium 90 
programs on dogs, and we have another one with them at Oak Ridge. 
At the present time we are spending in these two projects and others 
something over a quarter of a million dollars annually on research 
directly related to the biological effects of falloutonman. None of our 
medical programs are classified. That is, the results come right out 
as they are produced at those individual places, 

So I have covered, then, the three broad areas in which the Depart- 
ment of Defense continually and has in the past expended quite an 
effort. We are well aware of the problems and we are making our 
contribution to solving the problems. 

Senator AnpEerson, Thank youvery much, Iam privileged to check 
some of the work in one of the areas where the special weapons project 
is interested. It is a very active operation. I know how much you 
have done, and I want to compliment you on it. 

This brings to a close the first part of these hearings. Idohopeasa 
result of these hearings the various agencies which have testified, the 
various groups that have been represented, the scientific fraternity gen- 
erally, will examine these hearings and give the committee such guid- 
ance as they may be able to for any subsequent hearings we may have. 

We are going to regard these as adjourned, merely until additional 
material may be obtained and the committee, I am sure—and I am 
speaking for the chairman of the committee as well as the chairman 
of the subcommittee—thank all the witnesses very sincerely for their 
fine contributions. 

Chairman Duruam. I want to thank the scientific profession for the 
excellent hearings we have had. It is something that will be valuable 
for the future and to the country at large. 

Senator Anprrson. Thank you all. 

(Thereupon at 4 p. m., Friday, June 7, 1957, the hearings were 
adjourned.) 
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PRINCIPAL 'TECHNICAL SPEECHES AND PAPERS ON FALLOUT BY 
Commissioner W. F. Lissy 


{Reprinted from Science, v, 122, July 8, 1955: 57-58] 
DosaGes FroM NATURAL RADIOACTIVITY AND CosMiIc RAYS 


W. F. Libby * 


The radiation dosages that people receive from the natural radioactivities 
and cosmic rays have been calculated and are given in Tables 1, 2, 3, and 4. 
Some direct observations are given in Table 5. 

Table 1 gives the dosages in milliroentgens per year for exposures at various 
altitudes directly over ordinary granite, typical sedimentary rock, and open 
oceans. Surface dosages decrease with height above the ground because of air 
absorption ; 50-percent reduction occurs for every 370 ft.2, For comparison pur- 
poses, it is interesting to note that in the United States, the average exposure 
rate from total fallout from atomic tests on 1 Jan. 1955, was about 1 mr/yr2 
The total dose during 1954 probably averaged about 15 mr,’ principally because 
of the Pacific tests in the spring. 

The values listed in Table 1 were calculated on the following basis. The 
roentgen was taken to be 100 ergs of energy per gram of water. (Actually this 
definition is that of the rad, the internationally recognized unit of radiation 
dosage. For gamma rays it is nearly equal to the roentgen, which is 
93 ergs/g.) The absorption coefficients of all radiations in tissue were taken as 
being equivalent to those of water. The dosages from the natural radioactivi- 
ties in the earth were calculated on the approximation that the energy absorbed 
per gram by the human body on the surface of the earth is, to a sufficient 
approximation, equivalent to that absorbed per gram by the top layers of the 
rock of the earth’s surface itself from the gamma radiation emitted by the rock.‘ 
In other words, the total gamma-ray energy produced in a gram of granite from 
the thorium, uranium, and potassium contained was taken to be equal to the 
energy absorbed per gram of human tissue in the human body on the surface, 
except that a factor of 2 was used to correct for the geometric loss. It was 
interesting to observe that this simple method of calculation gave results in good 
agreement with those based both on separate censideration of each of the com- 
plicated radiations emitted by thorium and uranium in the rocks and on the 
use of the individual absorption coefficients for these radiations in tissue, 
together with correction for the “buildup” factors as the radiation is scattered 
and diffuses out of the rock.® 

The abundance of uranium, thorium, and potassium in granite were taken as 
4X10* g/g (1), 18X10° g/g (1), and 0.03 g/g, respectively (1). In selecting 
these numbers, it was realized that these were only averages and that fluctua- 
tions around these values do occur, that uranium contents as high as 200 ppm 
have been found in granite, and that thorium has been found as abundant as 
500 ppm in some granites. 





1 The author is a member of the U. 8S. Atomic Energy Commission. 

2H. Faul, Nuclear Geology (Wiley, New York, 1954). 

*M. Hisenbud and J. H. Harley, Science 121, 677 (1955). 

L ee calculation was kindly suggested by L. D. Marinelli of Argonne National 
aboratory. 

-  &U, Fano, Nucleonics 11, No. 8, 8 (1953) ; 11, No. 9, 55 (1953). 
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For sedimentary rocks, the general average figure of one-fourth of the values 
quoted for granites has been used. It is realized, however, that this is very ap- 
proximate, because the amounts of the various radioactive minerals in the sedi- 
mentaries fluctuate widely. The abundances of uranium and potassium in sea 
water were taken, respectively, as 1.8X10°g/g' and 3.5xX10“g/g*. The 
abundance of potassium in the human body was taken as 2X10~g/g,° and the 
abundance of carbon in the human body was taken as 18 percent. For the 
calculation of the dosage from radium assimilated in drinking waters through- 
out the normal lifetime, the bone weight was taken as 10 percent for the adult 
man. But for relatively brief periods of assimilation when the radium would 
be expected to be concentrated in the small volumes of the bone most metaboli- 
cally active, the figure of 1 percent was used. All these numbers of the human 
body were taken as being equivalent to those of the “standard man”.’ 

The dosages resu'ting from cosmic radiation were calculated from the ioniza- 
tion chamber data of Millikan et al.2 From these data the dosages were cal- 
culated at altitudes up to 20,000 ft. and at the latitude of 55° N (geomagnetic) 
as well as at the geomagnetic equator. The results are given in Table 2. It 
should be mentioned that the biological effects per unit energy may be larger for 
cosmic radiation, because it consists of high-energy particles rather than 
gamma radiation. 

The natural radioactivity in the human body contributes the dosages given in 
Table 8. Of the 19-mr/yr dosage from potassium, 17 mr/yr is from the beta 
rays of the potassium itself. These were taken to be of a mean energy 40 percent 
of the maximum energy of 1.86 Mev. The specific activity of natural potassium 
was taken as 1800 beta rays per gram, per minute and 180 gamma rays of 1.45- 
Mev energy per gram, per minute.® The gamma rays that contribute the remain- 
ing two units of the dosage of potassium were calculated on the basis of the 
assumption that only half of the gamma-ray energy is actually absorbed in the 
body. This leads to the result that in a packed crowd the radioactivity from 
the potassium in one’s neighbors’ bodies contributes an additional dosage of 
2 mr/yr. 


Taste 1.—Total radiation dosages from normal background radiation (mr/yr) 





Ordinary granite Typical sedimentary Open ocean 
Altitude of ground rock 
surface (feet) 


Equator 55° N Equator 55° N Equator 55° N 
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The dosage from carbon was calculated on the basis of the assumptions that 
the body is 18-percent carbon; the specific radioactivity of carbon is 15 disinte- 
grations/g, per minute; and that the mean energy of the beta radiation is 40 
percent of the maximum energy of 167 key.?® 

In Table 4, various ordinary but somewhat unusual circumstances are used 
to illustrate the types of exposure that can occur in normal living. <A wrist- 
watch worn 24 hr/day that has a luminous dial assumed to have 1 ue of radium 
per watch—a figure perhaps slightly larger than the average—would give the 
central body, including the sex organs, a dosage of about 40 mr/yr. An airplane 
pilot flying 24 hr/day with an instrument panel consisting of 100 dials with 3 ye 
of radium each would receive, at an average distance of 1 yd, a dosage of 1300 
mr/yer. 

In order to check whether the dosages calculated here and given in Tables 1 
to 4 are essentially correct, some direct measurements reported by various 


6. D. Marinelli, private communication. , 

7“Recommendations of the International Commission on Radiological Protection,’ NBS 
Handbook No. 47 (1950), p. 16. 

§R. A. Millikan and H. V. Neher, Phys. Rev, 50, 15 (1936); H. V. Neher and W. H. 
Pickering, ibid. 61, 407 (1942). 

**‘Nuclear Data,” Natl. Bur. Standards U. S. Circ. 499 (1950), suppl. 1, 2, and 3. 

wW. F. Libby, Radiocarbon Dating (Univ. of Chicago Press, Chicago, 1952). 
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observers are given in Table 5. They agree reasonably well with the external 
component of the total dosages given for sea level in Table I—the residues 
after subtracting 20.5 mr/yr, the dosage from body radioactivities given in 
Table 3. 

It is interesting that the variations in natural dosage are large and under 
certain conditions the natural dosage may be nearly 100 times higher than the 
minimum—the dosage of seafarers. The fallout dosage rate in the United 
States on 1 Jan. 1955—1 mr/yr—was only 2 percent of this lowest natural 
dosage rate. Of course, during a test period when bombs are fired, the fallout 
dosage rates may approach, or somewhat exceed, the natural dosage rate for 
a few days before decay and weathering processes reduce them in a few weeks 
to rates that are small percentages of the natural background. 


TABLE 2.—Cosmic ray dosages 


Dosages 
Altitude (ft.) : (mr/yr) 
een a tet ee Lk me een 33 to 387 
cage MNS PGS. ue OOo ht eae a a a ale a gm a rine oc ea Bc 40 to 60 
CT NES dah 200s Ty EA ESS Sleep ew a 3." Fle ia lah la. 80 to 120 
AL 11 Ee ot Sieh Be 8 98S ool I 8 Ls 9 a i ik ec 160 to 240 
Se Ree een eee oe Os Ae bee ole Om 300 to 450 
TABLE 3.—Radiation dosages from the natural radioactivity of the human body 
Dosage 
Source of radioactivity : (mr/yr) 
ER SC Se Says 2 9. Pre en ee eM es ae) Ee 19 
(ete TE See ots nice banal Ral SE alg ha ta to TR Re eS ne SE 1.5 
Radium (bones only), uniform distribution___.___-___-_____ 6.7 
Radium (bones only), nonuniform distribution_____________________ 167 


1The radium content of the human body is based on data of A. F. Stehney of Argonne 
National Laboratory. 


TABLE 4,—Radiation dosages in various ordinary circumstances 








Radiation source Location Dosage (mr/yr) 
Wrist watch (1 ue of Ra per watch)_...} Central body, including sex or- | 40, 


gans, at average distance of 1 ft. 
Luminous dials in airplane cabin (100 | Pilot is taken to be at an average | 13(0, 


dials with 3 we of Ra each). distance of 1 yd from the dials. 
LG Re a eae ae ae Lumbar spine, anterior-posterior..| 1500 each. 
Lumbar spine, lateral___...._.....- 700 each, 
Pregnancy, anterior-posterior_....- 3600 each, 
Pregnancy, lateral.._-.----.2-....! 9000 each. 
Uranium ore (0.1 percent—the mini- | Flat surface ground__.........__.- 2800 
mum accepted by the AEC for pur- | Mine with all walls of ore......_-- 5600, 
chase), (neglecting radon) 
Phosphate rock (commercial fertilizer | Flat surface ground....-....-.-.-- 280-700. 
0.01 to 0.025 percent U). 
“ETT CUE sg gape Seah eee pee oe Mg ad i Packedunicrowds*.eafcetecnncacc= 2. 





1A. H. Sturtevant, ‘Genetic effects of high-energy irradiation of human population,” address given 
11 Jan, 1955 at California Institute of Technology. 
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TapLe 5.—Eaperimental data for hard background radiation (mr/yr)* 


enrprecerrreeeneee en racEER  A  e 


Gamma rays 


Cosmic|_____———Ss—CSCS.« Cosmic and 
Observer rays gamma rays Location 
From | From (total) 


air | ground 

















Sievert and 44 lo ireeel Cee ee 121-150 | Streets of Stockholm 
Hultquist 104-182 | Over igneous rocks, Sweden 
94 | Clay soil 2 
104 | Wood houses (average center of room) 
145 | Brick and concrete houses (types 1, 2) 2 
296 | Brick and concrete houses (type 38) 2 
(max., a) 


Cowan s. Asset eee a aes 21 eee eeeeeee Outdoors, Brookhaven, N, Y., measured ® 

Hess and Vancour..- 34 2 63 90 | Outdoors, Fordham Univ. campus, N. Y., 
1 m above ground ¢ 

Burch sesah sess S134 22 cee 62 94-96 | Leeds, England 4 
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1 Kindly collected by L. D. Marinelli of Argonne National Laboratory. 

2R. M. cnwer and B. Hultquist, “Variation in natural gamma radiation in Sweden,” Acta Radiol. 37, 
388, 399 (1952). 

3'F, P. Cowan, “Everyday radiation,” Phys. Today 5, No. 10, 10 (1952); also AECU-1188, 
i \\6 - Hess and R. P. Vancour, “Ionization balance of the atmosphere,” J. Atm, and Terrest. Phys. 1, 

(1950). 

‘SP. R.J. Burch and F. W. Spiers, “Radioactivity of the human being,” Science 120, 719 (1954); P. R. J. 
Burch, “Cosmic radiation,” Proc, Phys. Soc. London A67, 421 (1954). 





[Reprinted from Science, April 20, 1956, Vol. 123, No. 8199, pages 657-660] 
RADIOACTIVE FALLOWT AND RADIOACTIVE STRONTIUM 
W. F. Libby? 


The radioactivity that falls out of the atmosphere after the explosion of a nu- 
clear weapon is called the radioactive fallout. In the ordinary atomic bomb, for 
example, for each 20,000 tons of TNT equivalent of explosive energy, about 2 
pounds of radioactive materials are produced. In these 2 pounds are some 90 
different radioactive species varying in lifetime from a fraction of a second to 
many years. This mixture of radioactivity decreases in radioactivity in such a 
way that for every sevenfold increase in age, the total radioactivity is decreased 
tenfold. Thus the radioactivity by 7 hours after the explosion has decreased to 
one-tenth the radioactivity of 1 hour, and in 49 hours to 1/100, in 2 weeks to 
1/1000, in 8 months to 1/10,000, and so forth. 

The conditions of fallout are largely determined by the amount and type of 
material vaporized into the fireball of the bomb itself. A bomb fired in the air 
contributes such a relatively small amount of matter to the cloud that the 
particles formed after dissipation of the enormous energy released are of neces- 
sity very tiny and therefore very slow in settling. The result is that most of the 
radioactivities are expended in the air and the area over which the fallout 
occurs is rendered very large indeed, extending to the ends of the earth in minute 
although detectable amounts. 

A bomb fired on the surface of the earth, however, may have an appreciable 
portion of its radioactivity reprecipitated within relatively short distances, 


while bombs fired beneath the surface of the earth may place essentially no - 


fallout radioactivity in the atmosphere. Therefore, the question of the area of 
contamination to be expected from nuclear weapons cannot be answered cate- 
gorically without specifying the degree of contact of the fireball with the surface 
of the earth and probably also specifying the characteristics of this surface. 
Obviously water would differ considerably from soil in its ability to precipitate 
radioactive fallout. The coral in the southern Pacific islands that are used for 
the larger United States weapons tests will under the great heat decompose to 
form calcium oxide, which will then rehydrate to form calcium hydroxide, which 
in turn will absorb carbon dioxide to form a crust of calcium carbonate, Obvi- 
ously such a complicated series of chemical reactions will make the fallout 
particles from the great tests at Eniwetok differ from what would be observed if 





1The author 1s a member of the U. S. Atomic Energy Commission. 
4The author is a member of the U. S. Atomie Energy Commission. This article is based 
on a speech given at Northwestern University, Evanston, Il, Jan, 19, 1956. 
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the same weapons had been fired over ordinary sand or granite. We cannot 
imagine all of the details in which the nature of the soil will affect the local fall- 
out, but it is clear that the effects will be substantial. 

In the weapon test operations, great care is taken to insure that no danger 
results from fallout. Criteria are used that are meant to insure that this is so. 
However, it is well to note that it is from the test operations that we have 
learned what we do know about the problem of civilian defense against fallout. 
We must speak of test experience, for it is the only source of experimental in- 
formation about the phenomena of radioactive fallout. 

The radioactivities resulting from the burst of a nuclear weapon can be classi- 
fied as follows: (i) radioactivities induced in the environment and (ii) products 
dependent directly on the nature of the weapon. The environment can be made 
radioactive only by neutrons, but all nuclear weapons involve large numbers of 
neutrons, some of which are certain to escape into the surroundings. 


RADIOACTIVITIES INDUCED IN THE ENVIRONMENT 


Taking air bursts first, our problem is: What do neutrons do to air? The 


-answer is simple. They make radioactive carbon, C* which has a half-life of 


5600 years. Fortunately, this radioactivity is essentially safe because of its 
long lifetime and the enormous amount of diluting carbon dioxide in the atmos- 
phere. The cosmic rays themselves make neutrons, which, of course, make 
radiocarbon. In fact, the earth has on its Surface a total of 80 tons of radio- 
carbon from the cosmic radiation. Now, since each neutron forms one C“ atom 
of mass 14 times the neutron’s mass, this corresponds to 5.2 tons of neutrons, 
and we see that this enormous number of neutrons would have to be produced 
and escape in order that nuclear weapons would just double the feeble natural 
radioactivity of living matter due to radiocarbon. Such an increase would have 
no significance from the standpoint of health. The atmosphere itself contains 
only 1.5 percent of the total carbon with which the cosmic-ray-produced radio- 
carbon is mixed, the main part being dissolved in the sea, so we expect that 
nuclear weapons could produce a short-range rise in the radiocarbon content of 
the carbon dioxide in the atmosphere, which later would decrease as the atmos- 
pheric carbon dioxide mixed with the sea. Therefore, only 1.5 percent as many 
neutrons would be required to double the natural radiocarbon content of 
atmospherie carbon dioxide for this time before mixing with the sea could occur, 
or about 78 kilograms or 170 pounds of neutrons. To orient ourselves, the 
20,000-tons-of-TNT-equivalent atomic weapon involves the fission of 1 kilogram 
of uranium or plutonium and the liberation of about 10 grams of neutrons. If 
all these neutrons escaped into the atmosphere, it would obviously require 7800 
such weapons to double the radiocarbon content of the atmospheric carbon 
dioxide even with no mixing with the sea, and about 520,000 with complete 
mixing. These correspond to explosive energies of 156 and 10,400 megatons of 
TNT, respectively, if all neutrons formed escaped. A reasonable escape figure 
might be 15 percent, so we can expect that nearly 1000 megatons of fission would 
be necessary just to double the atmospheric radiocarbon content, and that about 
66,000 megatons would be necessary for the same effect on a long-term basis. 

The interchange between the atmosphere and the sea water, which is con- 
stantly taking place, would deplete and remove the excess radioactive carbon 
dioxide. Now it is known from measurements of the radioactive hydrogen, 
tritium—which is also made in the atmosphere by the cosmie rays—that this 
interchange is slow. In fact, we learn that the radioactive water is formed 
by the burning of the tritium made by the cosmie rays is not diluted by more 
than the top 100 meters or so of sea water in its lifetime of about 18 years. 
The carbon dioxide dissolved in the water is about equal to the total in the 
air. In other words, a dilution by more than the twofold that corresponds to the 
dissolved carbon dioxide in the top 100 meters of ocean water would take longer 
than 18 years. However, the dilution by this factor of 2 would occur essentially 
immediately within a matter of weeks or months. Therefore, we would have to 
double our estimates for even the short time scale activation of the atmosphere 
to reach the enormous figure of 2000 megatons of fission required. Thermo- 
nuclear weapons, of course, also involve neutrons. For a given energy release, 
they produce somewhat more neutrons than fission weapons; however, the order 
of magnitude of atmospheric activation would not be greatly different. So our 
estimates apply to all nuclear weapons. The essential point is that the atmos- 
phere is difficult to activate and the activities produced are safe. In addition to 
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carbon-14, there are a few others produced in low yield; they include tritium 
and very short-lived products, but none is produced in sufficient amounts to be 
hazardous. 

For weapons fired on the surface, the activation of the surface materials is a 
possibility, but in general it appears that most of the neutrons form stable 
isotopes and that the amount of radioactivity produced, at least with ordinary 
surface materials, is relatively small. The principal radioactivities produced 
by nuclear weapons are produced in the weapons themselves, and not in the 
environment, 

RADIOACTIVITIES PRODUCED IN WEAPONS 


Turning now to the radioactivities naturally produced in nuclear weapons 
themselves, probably the most important is radioactive strontium, which has a 
half-life of 28 years. The first reason this is so important is that strontium is 
chemically similar to calcium, which is one of the main mineral constituents of 
the body. Bone consists principally of calcium phosphate, and for this reason 
radiostrontium, like calcium, is deposited in the bone. The amounts of ordinary 
nonradioactive strontium naturally present are so small that the radioactive 
strontium will follow ordinary calcium into the body. The second reason that 
radioactive strontium, Sr”, is an important fallout radioactivity is that it has a 
long but finite lifetime—28 years half-life, 40 years average life—and thus has a 
persistent effect. Third, because of its bone seeking property, it stays in the body 
a long time. Fourth, the probabilities of body ingestion can be high. Finally, 
the fifth reason for its importance is that strontium-90 is produced in high yield 
in the fission reaction—about 4 or 5 percent of all fissioning atoms yield this 
isotope. 

In order to orient ourselves about this, let us consider the maximum permis- 
sible concentration recommended by the National Committee on Radiation Pro- 
tection for AEC workers for radiostrontium—1 microcurie for the standard man, 
whose body is taken to contain 1000 grams of calcium in total. The maximium 
permissible concentration is of course well below any level at which one would 
expect any damaging effects to appear. On the basis of experiments with animals, 
statistically observable increases in the number of bone tumors should not be ex- 
pected to appear at less than 10 times this level.. As we go above this figure, 
the chance for bone tumors occurring increases rapidly so that the likelihood of 
bene cancer with 30 to 40 times that figure is appreciable. 


INTAKE OF STRONTIUM—90 


Let us consider in some detail the mechanism by which this most important 
fallout radioactivity produced in nuclear weapons might be expected to enter the 
human body. The first point is that from the point of view of fallout there are 
essentially two classes of nuclear weapons—the high-yield megaton weapons and 
the lower-yield kiloton weapons. All nuclear weapons produce atomic clouds that 
rise to heights dependent on the energy released, and the clouds from the mega- 
ton class of weapons rise rapidly up through the tropopause and pass into the top 
layer of the atmosphere, which we know as the stratosphere. This part of the 
atmosphere is essentially isolated from the lower layer in which we live, the 
troposphere, and where all of our normal winds, storms, and so forth, occur. 
Therefore, radioactivity produced in megaton weapons is placed largely immedi- 
ately in the stratosphere, while the smaller kiloton weapons produce clouds that 
in general do not reach into the stratosphere, but stop near the tropopause—the 
imaginary boundary between the stratosphere and troposphere—and have the 
bulk of their radioactivity left in the troposphere. 

In the troposphere where rain occurs, any particulate matter will be washed 
down in a period of days or weeks. It is easy to show, for example, that 0.1 inch 
of ordinary rainfall will probably remove essentially completely all particulate 
matter except for that which is so small as to be almost of molecular dimensions. 
In other words, for 0.1 inch of rainfall one can be quite certain that the air between 
the layer in which the rain originates and the ground is washed clean of fallout 
activity, except for the minute fraction that may be so small that it moves with 
the air out of the way of the falling raindrops as they make their way toward 
the earth; and even this tiniest fallout material is likely to be precipitated also, 
for it will migrate rapidly by molecular-type motion and in this manner is likely 
to absorb itself on other particulate material and so be rained out. For these 
reasons, tropospheric radioactive fallout does not stay in the atmosphere for more 
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than a matter of weeks. It may make two or pares trips around the earth in 
a given latitude before being entirely removed, but its lifetime in the atmos- 
phere will be a matter of weeks. 

This is in very sharp contrast to the material that is placed in the strato- 
sphere by megaton weapons ; this material appears to stay there for a matter of 
years. Perhaps 10 year's is a good average, at least for the weapons fired to 
date. It is well to bear in mind that this conclusion may be dependent on the 
nature of the material carried up in the cloud, but our present experience indi- 
cates that the fallout from megaton weapons that does not occur essentially in the 
first few hours or days, and is therefore deposited mainly locally, is deposited 
only at a very slow rate corresponding to an average time in the stratosphere 
of about 10 years. As a result of this long residence time in the highest layers 
of the atmosphere, the winds mix and distribute the radioactive material broadly 
over the earth and one finds, when the fallout does finally find its way down into 
the troposphere where the rain and snow wash it out, that the rates of recipita- 
tion are relatively uniform over the entire earth’s surface. 

Returning now to radiostrontium—at the rate of 1 kilogram of fission for 20 
kilotons of TNT equivalent, 2 megatons of fission energy would be equivalent to 
very nearly 1 millicurie of strontium-90 per square mile of the earth’s surface, 
or about 79 disintegrations per minute, per square foot of the earth’s surface. 
The average soil of the earth has about 20 grams of calcium that is in a form 
available for plant metabolism in the top 2.5 inches for each square foot of area. 
Now, recalling the maximum permissible concentration level of 1 microcurie per 
standard man and noting, as will be shown later, that in order that this concen- 
tration not be exceeded, the topsoil of the earth should not contain any more 
radiostrontium than would correspond to 10 times the concentration in the 
human body that is just permissible—that is, 1 microcurie per 1000 grams of 
calcium, or 2200 disintegrations per minute, per gram of calcium—we find that 
11,000 megatons of fission energy would produce this average level of radio- 
activity. Actually, as I will indicate, there can be a concentration of strontium- 
$0 in the soil about 10 times greater than the recommended maximum per- 
missible concentration before one would expect a man living in such an environ- 
ment to accumulate a maximum permission concentration. The afore-mentioned 
11,000 megatons of fission energy would yield a strontium-90 content in human 
beings just equal to the maximum permissible concentration (MPC) ; at less than 
10 times this value, or below 110,000 megatons energy equivalent, statistically ob- 
servable incidence of bone tumor should not appear; but at 30 to 40 times the 
MPC, or 330,000 to 440,000 megatons, the likelihood of untoward effects would 
be appreciable. Even the lowest of these figures is very far in excess of the total 
energy released to date. 

KINDS OF FALLOUT 


High-yield weapons fired near the surface have a portion of their activity 
deposited in and on particles large enough to fall out in the first few hours or 
days. Thus we have three kinds of fallout from high-yield weapons. 

1) The first, or local, is due mainly to large-sized particles. This may cover 
a considerable area depending mainly on winds. In the 15 February 1955 re- 
lease of the Atomic Energy Commission that described the experience in the 
Marshall Islands in the Castle test series in the spring of 1954, some 7000 square 
miles were described as being contaminated by this type of fallout. 

2) The second fallout from the high-yield weapons is that portion which 
resides on the small particles, but which never reaches the stratosphere and 
thus stays in the troposphere until it is carried down by rainfall or settles out. 
There is thus a band of fallout in the same general latitude as the test site; the 
material may circle the earth two or three times before it is precipitated, but it 
does fall out within the first few weeks. 

3) However, :a large part—half or more depending on firing conditions—of the 
radioactive yield from high-yield weapons resides in the third category, which 
is the fallout that occurs from the stratosphere itself. Of course, some of the 
large local fallout may form particles which were lifted into the stratosphere, 
but which were so large and so bulky that they fell out rapidly anyhow. The 
finely divided material that reaches the stratosphere apparently stays there for 
years in the main. A slow leakage through the tropopause into the troposphere 
occurs—apparently something like 10 percent per year descends. Measurements 
of the strontium-90 content of soils, rain and snow, and biological materials on a 
worldwide basis have all shown that strontium-90 fallout occurs all over the 
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worle at rates that are not very dissimilar from one another, except that there is 
a tendency in the middle latitudes in which the tests are conducted for an extra 
fallout, presumably of the aforementioned tropospheric variety. Since the com- 
pletion of the Castle series of tests two years ago, this worldwide rate of fallout 
has approximated 1.5 millicuries of radiostrontium per square mile, per year. 
We thus see that radioactive fallout from the stratosphere is a very slow process. 
This is very fortunate indeed, since the high-yield weapons thus have a major 
part of their radioactivity dissipated in the atmosphere in a harmless way if they 
are fired in the air or on the surface. 

The fallout apparently occurs in the final step by a washing down of the 
tropospheric air by rain together with direct falling. The radiostrontium de- 
scends from the stratosphere into the troposphere by the processes of diffusion 
and falling, and is then caught up by the tropospheric weather and in a matter of 
a few days is deposited. Reasonable estimates for the middle latitudes indicate 
that the average life in the troposphere is about 1 week. 


DEPOSITION OF STRONTIUM-90 


The radiostrontium comes down mainly in raindrops although fine morning 
mists and fogs may be particularly effective in this regard also, as well as surface 
contact and direct falling. It descends on the foliage and on the soil. That 
fraction of it which falls on plant leaves has a good chance of being absorbed 
directly into the plant—much in the way that most modern leaf fertilizers 
operate. The Eniwetok tests were conducted on coral islands and as a resuit. 
their fallout may be largely water-soluble. In any case, direct measurements 
of the radiostrontium content of alfalfa and other crops showed them to be 
appreciably higher in radioactivity than the soils on which they grew, strongly 
indicating that a leaf assimilation mechanism is important. The rain falls and 
carries radioactivity, but when it runs off to the rivers and the seas it is nearly 
pure because of the action of the soil in absorbing the fallout, so that rivers 
are essentially free from radiostrontium, Lakes and reservoirs have a content 
that corresponds approximately to their surface areas only. The radiostrontium 
is absorbed in the top 2 or 3 inches of soil and held there very tenaciously. 
Plowing, of course, buries it more deeply, but it appears that in unplowed soil 
the radiostrontium does not move in a matter of 2 or 3 years. 

The researches on radiostrontium conducted by the Atomic Energy Commis- 
sion have been extensive. The AEC has sampled soils on a world-wide basis and 
submitted the samples for analysis of radiostrontium content to the Health and 
Safety Laboratory of the New York Operations Office of the Atomic Energy 
Commission, the Lamont Geological Observatory of Columbia University, and 
the Enrico Fermi Institute for Nuclear Studies at the University of Chicago. 
Direct fallout collected on gummed papers, milk and cheese, alfalfa, animal 
meat and bone, and even human bodies has been extensively studied. On the 
basis of the information so obtained, it is possible to say unequivocally that 
nuclear weapons tests as carried out at the present time do not constitute a 
health hazard to the human population insofar as radiostrontium is concerned, 
and it is believed with good reason that radiostrontium is likely to be the most 
important of the radioactivities produced, It is well to note that since radio- 
strontium is assimilated in the bones it constitutes essentially no genetic hazard, 
for its radiations do not reach the reproductive organs, 

The milk and cheese radiostrontium content is not as high, relative to that 
of the grass which the cows eat, as one might expect. There appears to be a 
discrimination against the fallout material such that the calcium in milk and 
cheese is roughly one-fifth to one-tenth as radioactive with radiostrontium as 
the grass that the animals eat. There are various possible physiological ex- 
planations of this, and the conclusion itself may not be completely certain, but 
the data available to date indicate this to be true. In addition, the plant uptake 
of radiostrontium from soil does discriminate somewhat against radiostrontium 
as compared with calcium. The calcium taken up from the soil into the plant 
has in general about one-half the radiostrontium content that the soil calcium 
has. These two results protect the human population against ingestion of radio- 
strontium, since milk and cheese are the principal sources of calcium in the 
human diet. We find, therefore, that the radiostrontium content of human 
bodies is the lowest of all animals measured and is lower than the average soil 
and the average foliage by tenfold. The Sr*-to-calcium ratio in young people— 
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whose bones are still forming—corresponds to about 1/1000 of the maximum 
permissible concentration recommended for adults—1 microcurie per standard 
man containing 1000 grams of calcium. The average soil in the United States 
contains about 10 times more, whereas abroad the radiostrontium content in 
other areas of the world not subject to the local test fallout is about one-third 
of that for the United States. 

The surface air itself contains radiostrontium due to the fallout from the 
stratosphere and corresponding to the average time between rainstorms in 
which it can collect. Filtration of air at sea level discloses radiostrontium on 
filters if the filters are fine enough, even in periods when bombs are not being 
tested; thus the only fallout is from the stratosphere reservoir from the high- 
yield weapons. Measurements in the antarctic on snow samples collected there 
show that the fallout rate in January and February 1955 was comparable with 
that observed in the middle latitudes. 


CONCLUSION 


Finally, although the main part of the radioactivity from high-yield weapons 
fortunately dissipates in the stratosphere, the small but very significant part 
that falls out within a few hundred miles of the site of the explosion for weapons 
fired on the surface constitutes a very real hazard and nothing I have said should 
be interpreted otherwise. The weapons tests are conducted with great attention 
to this and the other dangers and every effort made to protect against mis- 
adventure. What we have learned from the studies I have described—which 
by the way have been conducted under the name Project Sunshine—is that these 
local precautions should be entirely adequate and the worldwide health hazards 
. from the present rate of testing are insignificant. 


1468 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


Reprinted from the Proceedings of the NATIONAL ACADEMY OF SCIENCES. 
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RADIOACTIVE STRONTIUM FALLOUT 
By Dr. W. F. Lipsy 


CoMMISSIONER, Unrrep States Atomic ENERGY CoMMISSION 
Communicated May 2, 1956 


CONVERSION FACTORS 


20 gm Ca/ft? in top 2.5 inches 
= 1 uc Sr%/kg Ca 
= 2,200 dpm Sr%/gm Ca 


“Average soil” 
1 MPC unit in any medium 


1 megaton fission distributed 
uniformly over entire earth = 0.0009 MPC unit 
= 0.5 me Sr®/mi? 


I. EXPERIMENTAL MEASUREMENTS 


Strontium 90 is of particular importance among the fission products because 
of chemical and physical characteristics which result in comparatively high retention 
in the skeleton. These are chemical similarity to Ca, an element essential to both 
plants and animals; an average life of about 40 years; and a low rate of elimination 
from the skeleton. On the basis of studies of the comparative effects of Sr° and 
Ra226 in experimental animals and of the effects of Ra in humans, the generally 
accepted maximum permissible body burden (skeletal content) of Sr in adult 
humans is 1 microcurie. Since the body of the average adult contains about 1,000 
gm. of Ca, this is equivalent to saying that the maximum permissible average 
concentration of Sr® in the adult skeleton is 1 uc/1,000 gm. of Ca. For purposes 
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of this discussion, this ratio of Sr® to Ca, in whatever medium it may oceur, is 
designated an “MPC unit.”” One MPC unit of Sr® in the human body is 
considered to be safe—a significant risk occurring only at much higher dosages.' 
The majority of analyses for Sr® encountered in this work were of the order of a 
few thousandths of 1 MPC unit. For purposes of orientation, it is helpful to 
remember that 0.001 MPC unit corresponds to 1/1,000 ue of Sr®/kg of Ca, or 2.2 
dpm of Sr®/gm of Ca. The small weights of Sr® involved in both the radio- 
strontium and normal strontium being considered, and the similarities of the 
element to Ca, justify the assumption that its distribution in the body will follow 
that of Ca in a general way. 

Two megatons of fission will produce 1 millicurie (mc.) of Sr%/mi?, if the fission 
products are uniformly distributed over the earth’s surface. If this amount of radio- 
activity is mixed with the available Ca in the soil, an average of about 20 gm/ft? in 
the top 2.5 inches of soil, the specific radioactivity produced is 0.0018 MPC unit. 
It is observed that most of the Sr® fallout is concentrated in the top 1 or 2 inches 
of soil. For example, in Tables 1 and 2, which show the Sr® burden in the fall of 
1953 in the soil of twelve farms in the Wisconsin-Illinois area as well as in the 
alfalfa and the milk of the cows fed thereon, we note that the top inch of soil contains 
about 56 per cent and the next 5 inches contain the remaining 44 per cent of the 
total Sr*. Recently some evidence has been discovered that the radiostrontium 
finds its way to greater depths.?. In Table 2 data are given for lowa soil collected 
in 1937 which, as expected, shows no Sr®. The average available Ca content of the 
domestic soils was 8 + 1 gm Ca/ft?/in., the average fraction of total Ca ex- 
changeable was 68 + 3 per cent, and the average Sr® content was 4.7 + 0.4 mc/mi?. 


TABLE 1 


BiosPHERE Sr® Assays* (Wisconsin MILKSHED—PRE-CasTLE, OcToOBER, 1953) 
(Values Are Given in Terms of 0.001 MPC Units, Except where Noted) 


cats Totau Sr* 

Farmt 0”-1” % 1°-6" (Mc/ Mi?) Alfalfa Milk 
Grabow, Wisconsin 26.2 6.7 4.5 12.8 r.7 
Oliver Swain, Wisconsin 7.4 2.2 3.1 5.3 L.3 
Swanson, Illinois 15.8 2.5 9.2 cet 1.2 
Holcomb, Wisconsin 8.7 1.8 5.1 8.3 1.6 
Lewke, Wisconsin 10.2 2.9 3.5 20.9 2.3 
Premo, Wisconsin 13.1 2.5 3.8 4.1 0.7 
Kurpeski, Illinois 16.3 5.6 4.0 7.4 L.3 
Austin, Illinois 22.4 4.7 4.7 5.0 1.8 
McKee, Illinois 8.1 0.9 6.3 14.8 1.4 
Blomberg, Illinois lov <0.3 4 9.5 1.2 
Van Winkle, Illinois 13.8 7.9 3.8 5.0 — 
Carver, Illinois 42.1 5.6 2.3 2.3 + 

Average 16.8 3.9 {a 8.9 1.4 
Average Sr®° (mc/mi?) 2.6 2.1 4.7+0.4 
Total Sr® (mec/mi?) 4.7+0.4 


*E. A. Martell and W. F. Libby, Project Sunshine Bull. No. 10, January 10, 1955; E. A. Martell, ibid., Suppl. 
3, fe tember 1, 1955 
mples collected by Dr. Lyle T. Alexander, Chief, Soil Survey Laboratory, Plant Industry Station, Beltsville, 


ile ame 


As might be expected because of the similarity of the Sr chemistry to that of 
Ca, milk and cheese show radiostrontium without exception. Figures la, 1, Ic, 
and 1d show the data for both foreign and domestic samples. 
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The amount of radiostrontium found in humans is shown in Figures 2a and 2b. 
The data show that the present Sr® content probably averages somewhat less 
than 0.001 MPC unit in young people. Apparently a number of barriers protect. 
the human skeleton from this fallout radioactivity. 
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Fia. 1b.—Foreign cheese—Sr® content 


Measurements have been made on animals, principally cattle and sheep. These — 
data are given in Figures 3a and 3b. We see here that the contents are much 
higher than those for milk and human samples, apparently due to selective dep- 
osition of Sr in the animal bones, which protects the milk and thus human bone. 
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Data for foreign soil samples collected just before the Castle test series are pre- 
sented in Table 3 and Figures 4a and 4b. From these data we deduce that the 
band around the earth bounded by the latitudes 60° N. and 10° S. shows a deposi- 
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- tion of 0.8 megatons (MT) equivalent of Sr®, in addition to some 0.4 MT which 
appears to be nearly uniformly deposited, as would have been expected from a slow 
deposition from a large stratospheric reservoir. No evidence for longitudinal varia- 
tion is apparent in Figure 4b. 
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LAMONT MEASUREMENTS 2, 25 


(ERRORS INDICATED, UNLESS SIZE OF CIRCLE OR SMALLER. 
AGE IN YEARS AND COUNTRY GIVEN DIRECTLY ABOVE 
MATERIAL USUALLY RIBS, VERTEBRAE OR LEG BONES.) 
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Stn ‘A Wwe ines 





os’ #0 SAINN Dan 3 












0.000 





yess 


132 


DATE 


Fic. 2b6.—Human bone—Sr® content 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


1476 








” 3 . 
o 2 - 
q = 
° ms . 
O po) 
(e) a 
l RM 
3S J 
8 3 
oO . 
ce : 
“ 
2 “ 
F3 2 
Sg MULEP RL AS ®, 
- anes NONVEST:vIUAS ‘sNsvIVa ¢ : % 
<< ad ABNUNL '3wONL ix - 
z*% ow BONVES ‘SluvVdC é 
6 ro Atal . ‘4 
fe 
gy Zs HVAN ‘Nv907 (anv) srminy Bf 
) ~ % 
23 35 
° 
ou <3 
a w 
@o - v ; = 
oe oe = = AVMYON “1833 4aWHVH{ é 
AVMUON '3NVHS ° - Uy 
3ONVUS O53 @o ie) 
AVMYON x Y 
FS = 
sziwa{ e e 
ieenmetas S31VA ‘QNVIONA ‘NIOSANS e e & 
AVMUON { e 0%, 
OnvI9Na ‘NIOdsNS { ; « Ld 
WHOA M3N 9 
MYOA MIN bd 
g a 
YNVLNOW ie “ 7 
NISNODSIA % 
YNVLNOW e 





0.070 
0.060 
0.050 
0.040 
0.030 
0.020 
0.010 
0.000 


° 
2 3 
Ss ° 
ro) oc 


0.050 


os 
< 
€ 
o 


= 0.030 
0.020 
0.610 
” 000 


06% 30 SLINN dw 96°5 40 SLINN 3d 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1477 


The actual:heights of rise of the bomb clouds are the basis for the assumption 
that all distant fallout from megaton weapons occurs from a stratospheric reservoir, 
while that from those of lower yield occurs from the troposphere. Actually, the 
height of the tropopause varies with the season, so that the season must be con- 
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Fic. 4b.—Longitudinal distribution of pre-Castle Sr® soil data from foreign samples. 


sidered in the assignment. During the Pacific tests it has been near 55,000 ft.; 
hence our classification has validity in this respect. 

Two of the most important data in Figures 4a and 4b are those from the ant- 
arctic series. The samples were snow cores, collected for the Chicago Sunshine 
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Laboratory and for cosmic-ray tritium analysis,* by Mr. Paul Humphrey of the 
United States Weather Bureau in January and February, 1955, at Admiral Byrd 
Bay (69°34’ S.; 00°41’ W.), at Atka Bay (70°35’ S.; 08°06’ W.), and at Little 
America III. The data are given in Tables 4 and 5. Table 4, Part A, gives the 
Sr” and T contents of surface snow at four locations. From the T concentrations 
and the expected T production rate in this region** (T produced in the Castle 
test itself was precipitated out in a few weeks and never entered the Southern 
Hemisphere appreciably, because of the large amount of water taken into the cloud 
with which it became mixed®), we determined the annual precipitation to be 7.8 + 2 
inches of water. This calculation, together with that for the January—February, 


TABLE 4 


Post-CastTLE Sr® FaLtLoutT In ANTARCTICA 
A. SURFACE SNOW 


r90 
Date Location (dpm Liter) (Atoma/ ide H’s) 
January 15, 1955 Near Quonset, Little America IIT 3.2+0.3 14.1+0.6 
January 17, 1955 One-half mile east, Little America III os 1x0, 7 7.5+0.6 
February, 1955 Atka Bay, 6 miles inland on shelf (70°35’ 
S.; 08°06’ W.) §.32+0.5 19.2+0.8 
February 19, 1955 Admiral Byrd Bay (69°34’S.; 00°41’W.) 2.0+0.2 24+ 5 
Average 3.4+0.5 144+3 


B. Sr’? PRECIPITATION RATE IN JANUARY AND FEBRUARY, 1955 


Annual snow precipitation rate from T assay* and 0.59 T’s/em2/sec as the expected antarctic 
cosmic-ray T production. 
vee 4.7 X 0.59 


i4 meters/yr = 7.8 + 2 inches of water. 


Sr® rate of precipitation: 
3.4 + 0.5 dpm/liter = 62 dpm/ft?/yr for 7.8 inches of water/yr = 0.8 + 0.2 mec/mi?/yr. 


* H. von Buttlar and W. F. Libby, ‘‘Natural Distribution of Cosmic Ray Produced Tritium. II,”’ J. Inorg. 
and Nuclear Chem., 1, 75, 1955; L. A. Currie, W. F. Libby, and R. Wolfgang, Phys. Rev., 101, 1557, 1956. 


TABLE 5 


Pre- AND Post-CastLe Sr® Fattour at ApmrraL Byrp Bay (69°34’ S.; 00°41’ W.) 
(Collected 2/19/55) 


SNOW CORE 
Age (Years) 

(7.8 Inches Depth Sr90 T Sr Rate* 
Water/Yr) (Ft.) Density (dpm/ Liter) (Atoms/1018 H’s) (Mc/Mi?/Yr) 
0-0. 54 0-1 0.35 1.95 + 0.20 24+ 5 0.46 
0.54-1.04 1-2 0.32 1.7 0:2 12.5+0.8 0.40 
1.04-1.52 2-3 0.30 0.48 + 0.04 13.5: 0.7 0.11 
1.52-2.16 3-4 0.41 0.90 + 0.06 Ag 0.21 


* Assumed annual precipitation, 7.8 inches water/yr, on the basis of T contents of surface waters (of. Table 4). 


1955, Sr® precipitation rate of 0.8 mc/mi?/yr, are given in Part B of Table 4.. The 
result for the annual precipitation agrees well with direct observation by the Atka 
Expedition and by Mr. Humphrey personally.7?’ At Little America IV, direct 
observation showed that the floor of the tent projecting from the ice front was 
beneath only 7 or 8 feet of snow after roughly seven years. Since the density of 
the snow was about 0.35, this would correspond to about 5 inches of annual pre- 
cipitation. Other observations’ checked this general magnitude. In Table 5 a 
core taken at Admiral Byrd Bay was measured for both Sr® and T. From these 
data we observe the pre-Castle fallout rates of 0.11 and 0.21 Sr® me/mi?/yr. The 
surface rate at this site is 0.43, which is less than the general average in the area for 
January and February, 1955, of 0.8 mc/mi?/yr—as shown in Table 4—hence it 
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may be that the pre-Castle values at this site are low also and should be increased 
by the ratio 0.8/0.43, or by 90 per cent, to 0.2 and 0.4, respectively. 

The average Sr® content of rain and snow in the Chicago area since the fall of 
1952 was calculated by weighting each datum by the total rainfall observed in the 
particular storm. The data on the Sr® content of Chicago rain are given in 
Figure 5.°-"* It is clear that large fluctuations can occur in individual storms. 
However, these extremes were, in general, of low total rainfall; hence the effect 
on the average is small. It is interesting that the antarctic snows have about the 
same Sr® content as the average Chicago rain of Figure 5. We recall that pre- 


AVERAGES WEIGHTED ACCORDING TO RAINFALL 
1953 POINTS HAD 5.1"' TOTAL 
1954 POINTS HAD 19.8'’ TOTAL 
AVERAGE ANNUAL IS 31.5"’ 
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Fia. 5.—Sr® content of Chicago rains 


cipitation there is only one-fourth to one-fifth that in Chicago. According to the 
mechanism espoused in this paper, these fluctuations are to be expected, because 
the fallout from the stratosphere is thought to be steady and continuing, and the 
washing-out by rain is expected to carry down the fallout: accumulated since the 
last precipitation from the particular air mass involved. Many of the samples 
given in Figure 5 and in Project Sunshine Bulletins Nos. 10 and 118-!? have been 
measured for T as well;?-> hence further correlations of the type described above 
for antarctic snow (Tables 4 and 5) can be made. 

In Tables 1 and 2 the Sr® contents of soils in the midwest region of the United 
States were shown to have an assay of 4.7 mc/mi? in October, 1953. The total 
from rains in the preceding year was only 1.5 mc/mi’, according to Figure 5; hence 
we have to expect about 3 mc/mi? to have been deposited prior to Operation Ivy 
by direct fallout, most reasonably from tropospheric debris. The total fired in 
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Nevada prior to this time which would not have fallen out in the immediate vicinity 
of the test site was approximately 200 KT for the Operations Tumbler-Snapper and 
Buster-Jangle together. If this were all deposited in the United States, it would 
amount to about 7.0 mce/mi?.. The test’ series Upshot-Knothole, with approxi- 
mately 220-230 KT of distant fallout, and Teapot, with approximately 160-180 
KT, should have added correspondingly to the 4.7 mc/mi?'in October, 1953, and 
to the 3.0 mc/mi? of stratospheric fallout for the intervening period, for a total of 
perhaps 12 mc/mi? expected in the spring of 1956'in the United States. 

The efficiency with which rain removes fallout from the air through which it 
passes is probably high. One knows, on simple physical grounds, that as little 
as 0.1 inch of rain will’ traverse at least 90: per cent of the air volume lying below 
the layer in which the rain originates, so that 90 per cent of all particles which 
can be swept up by a falling raindrop. will be carried down by such quantities of 
rain. On the point as to whether fallout is likely to be deposited by rain, we note 
that G. H. Wilkening!® showed that the decay products of the radioactive gas 
Rn which in themselves are isotopes of nongaseous elements are found affixed to 
particles of diameters between 20 and 800 angstrom units (0.002-0.080 »)—a 
submicroscopic range not at all unlikely for the radioactive fallout stored in the 
stratosphere.! The velocity of fall for such particles would be very small and in 
this respect quite compatible with the long stratospheric storage times indicated 
by the Project Sunshine data. Blifford, Lockhart, and Rosenstock™ studied the 
concentration of the Rn decay products in rainfall in the Washington, D.C., area 
and concluded that rain was the mechanism by which the particles containing these 
products were precipitated and that the average time the decay products spent in 
the air before being precipitated was only 15 days, approximately. O. Haxel and 
G. Schumann,!* found this time in Heidelberg, Germany, to be about 4 days, and 
Damon and Kuroda'® concluded that Blifford et al., were correct in attributing the 
precipitation of the aerosol carrying the Rn decay products to rain, their conclusion 
being based in part on additional data that they had taken. ‘The average time 
spent by water in the air was found by von Buttlar and Libby* to*be between 5 
and 14 days: 

For these reasons it seems very likely that rainfall or snowfall carries down a 
major part of the fallout which comes from the'stratosphere and probably is a very 
important mechanism for that part of the tropospheric fallout material which 
does not fall out in the first few hours or day or two after the detonations. Of 
course, the whole question can be settled by direct experiment in which a correlation 
between rainfall and total fallout is sought. The present data seem to favor the 
hypothesis. This conclusion and prediction seem to be borne out by Table 6, 
which presents the total Sr® content of the top 2 inches of typical United States 
soils collected in October, 1955, and leached at room temperature for 30 minutes 
with 6 N. HCl. 

Table 7 shows data obtained in the Chicago laboratories on the Sr contents of 
rivers and lakes. It is clear that these are much lower than those of the rain from 
which they are derived. For example, from Figure 5 we should estimate that. the 
average rain in the Chicago area in the summer of 1953 hada Sr” content of about 
7 dpm/gal.» From Table 1 for the domestic pre-Castle soil contents and from 
Figures ta.and 4b for foreign pre-Castle soil contents, we estimate that the European 
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rains averaged about 3 dpm/gal. The four rivers, Mississippi, Mosel, Seine, and 
Danube, show less than 5 per cent of this; hence we conclude that the Sr® in rain 
is removed by the soil before the water runs off to the rivers and lakes. This fact 
agrees, of course, with the sharp localization of the Sr in the ht 2 inches of soil 
(cf. Tables 1, 2, and 3). 


TABLE 6* 


Sr® FaLtLouT ACCUMULATION IN Top Som (0-2 INcHEs) 1n U.S. 1n 1955 
(Sampled September 23—October 20, 1955) 


Measured 
in Soil 
Station (dpm/Ft?) 
310f 

La Guardia | 350 + 21 
550 + 16 
Binghamton 710 + 16 
Philadelphia 450 + 19 
Rochester 550 + 20 
Jacksonville 470 + 20 
Atlanta 530 + 32 
Detroit 640 + 21 
New Orleans 470 + 14 
Memphis 900 + 20 
Des Moines 540 + 13 
Rapid City 1070 + 21 
Seattle 400 + 15 
Boise 1160 + 23 

Albuquerque { rh rr 20} 
Grand Junction 280 + 14 
Salt Lake City 860 + 18 
Los Angeles 120 + 12 

Average 578 
or 7.3 me/mi? 


(Probable additional Sr® in lower layers and to be released by additional leaching 
probably will raise this about twofold.) 


* Data by E. P. Hardy and R.S. Morse, of the Health and Safety Laboratory, New York 
Operations Office, personal communication. 

t+ This datum was obtained by Dr. J. L. Kulp, Lamont Geological Observatory, Columbia 
University. The procedure was different from that of the New York Operations Office 
(personal communication). 


TABLE 7 
Sr CoNnTENT OF RIVER AND LAKE WaATERS* 


Sr9o Content Sr” Content 
Location (dpm/Gal) Location (dpm/UGal) 
Lake Michigan, October 27, Mosel River, Metz, September 
1953 0.39 + 0.08 7, 1953 0+ 0.05 
Mississippi River, Memphis, Seine’ River, Nogent, Sep- 
February 4, 1953 Tre s07 16 Fy tember 8, 1953 0+ 0.09 
Mississippi River, St. Louis, Danube River, Ulm, September 
April 17, 1953 <0.77 + 0.18 12, 1953 0 + 0.07 


* See note to Table 2. 


Examination of the data in Tables 2 and 3 on the Sr® content of the exchangeable 
calcium in soils shows,that there is a strong tendency for the lowest activity of 
Sr® per unit weight of exchangeable Ca to occur in Ca-rich soils and vice versa, 
as would be expected, of course, if the fallout rate were uniform. This situation 
is displayed graphically for the pre-Castle soil data in Figure 6. 

For years the Health and Safety Laboratory of the New York Operations Office 
of the Atomic Energy Commission (Mr. Merril Eisenbud, manager), with the co- 
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operation of the United States Weather Bureau, has been collecting fallout data” 
by use of gummed papers of 1-ft.? area which are laid flat for a certain time out 
in the open away from buildings. After the exposure, the paper is folded and 
mailed to the New York Operations Office in an ordinary envelope. Samples thus 
can be collected cheaply, easily, and quickly from any populated area anywhere 
the postal service reaches. Most of the data so obtained have dealt with total 
fallout rather than with Sr” specifically, but many analyses for Sr have been 
made since Operation Castle. These are presented later. 
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Fic. 6.—Top soil Sr® concentration versus calcium content 


The main question about the gummed-paper technique is its over-all efficiency 
of collection. In order to determine this, the Health and Safety Laboratory has 
conducted an extensive series of comparisons of the amounts of fallout by gummed 
paper and a 12-gallon pot with an 18-inch vertical cylindrical wal] placed imme- 
diately beside the paper. Some of the data thus obtained are given in Table 8. 
From them we deduce a collection efficiency of 69 + 9 per cent (but we use 63 
per cent, since Mr. Eisenbud recommends this on the basis of more data and a 
better statistical treatment). 


=. > = 
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The data thus obtained for the post-Castle Sr® fallout rate in the United States 
and South America are given in Table 9... These are combined with those for other 
areas, to give the world Sr° fallout rates for September, October, November, and 


TABLE 8 


GUMMED PAPER COLLECTION EFFICIENCY 


(Relative to 12-Gallon Pot [18-Inch Vertical Wall, 
12-Inch Diameter; Cylindrical] ) 


Gummed Paper Pot Efficiency 
Month (dpm/Ft?/Mo) (dpm/Ft?/ Mo) (Per Cent) Reference 
Mar., 1954 11.6 14 84 F 
Apr., 1954 512 31 49 * 
May, 1954 21.6 34 63 ’ 
June, 1954 10.7 9.2 116 - 
July, 1954 17.6 25 70 - 
Aug., 1954 13.5 Tae a | 176 * 
Sept., 1954 20.7 92 22 4 
Oct., 1954 3.1 11 29 = 
Nov., 1954 D.7 32 18 ‘ 
Jan., 1955 9.0 9.9 92 . tT 
Feb., 1955 29.8 50.6 58 t 
Mar., 1955 210 150 140 Z 
Apr., 1955 44.9 79.5 57 § 
May, 1955 18.6 56.4 33 I 
June, 1955 12.4 51.7 24 I 
; Average 69 + 9# 


* Interim Sunshine Report, NYOO Report NYO-4620, January 17, 1955. 

+ Sunshine Report for January and February, NYOO Report NYO-4643, April 21, 1955. 

t Sunshine Report for March and April, NYOO Report NYO-4646, May 30, 1955. 

§ Sunshine Report for May and June, NYOO Report NYO-4653, July 5, 1955. 

" NYOO Report NYO-4623, January 18, 1955. 

# The figure of 63 per cent will be used for consistency. Mr. Merril Eisenbud (NYOO) rec- 
ommends this on the basis of more data and a better statistical treatment. 


TABLE 9 


Post-CastLE FALLouT IN U.S. FROM GUMMED PAPERS 
(Taken at 63 Per Cent Efficiency [cf. Table 8] ) 
Sr Fallout Rate 


Month Location (Mc/Mi?/Yr) .. Reference 
Sept., 1954 Eastern U.S. (10 stations) 2.5% 0.2 : 
Oct., 1954 Eastern U.S. (10 stations) 2.0 +0.-4 ‘ 
Nov., 1954 Eastern U.S. (10 stations) 2:0° & 0:4 m 
Dec., 1954 Eastern U.S. (10 stations) 14+ 0.2 tT 
Jan., 1955 Kastern U.S. (9 stations) lioi 0:2 T 
Sept., 1954 Western U.S. (20 stations) 0.9. +0.2 t 
Sept., 1954 U.S. (38 stations) 0.92 +0.2 § 
Oct., 1954 U.S. (38 stations) 0.79 + 0.2 § 
Nov., 1954 U.S. (38 stations) 0.95 +0.2 § 
Dec., 1954 U.S. (37 stations) 0.71%0.2 Ml 
Sept., 1954 South America (12 stations) 2.1 +0.2 t 
Oct., 1954 South America (12 stations) 1.6, +0,2 t 
Nov., 1954 South America (12 stations) 2.4 +92 t 


* Sunshine Report for March and April, NYOO Report N YO-4646, May 30, 19 
+ Sunshine Report for January and February, NYOO Report NYO-4643, April 
t Sunshine Report for May and June, NYOO Report NYO-4653, July 5, 1955. 
§ Sunshine Report, August 1954, NYOO, HASL-S-2 (NYO-4656), November 12, 1954. 
" Sunshine Report for July and August, NYOO Report NYO-4661, September 16, 1955. 


Pn 
: 


5£ 
21, 1955. 


December, 1954, presented in Table 10 and Figure 7. From these data we obtained 
these extremely important conclusions: 

1. A Sr” fallout probably derived from megaton weapons and nearly uniform 
over the world, except for local effects due to rainfall variations and to fallout from 
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submegaton weapons, seems clearly established. The fallout from the kiloton 
weapons lasts only a few weeks at most, since they involve only tropospheric 


TABLE 10 


Wor.Lpv-WweE Sr® FaLtLtout RATE rroM GUMMED PapErRs* 
(Taken at 63 Per Cent Efficiency {cf. Table 8]; agai 


Per Cent 
Total No 
Earth's Stations 

Area Area (Sept.) Sept., 1954 Oct., 1954 Nov., 1954 Dec., 1954 Average 
Arctic 6.5 5 1.2+0.4 3.0 +0.4 1420.4 0.940.464 1.6+0.2 
North Tem- 

perate 10.9 14 1.7+0.24 0.68+0.24 1.42+0.24 0.62+0.24 1.1+0.12 
Pacific 8.0 2 0+0.6 0.6 +06 1.9406 1.2+06 0.92+0.3 
US. 1.5 39 1341.4 0.9 0.14 1.4240.14 0940.14 1.1+0.07 
North Tropic 18.5 8 0.7403 1.5 +03 0O.7+0.3 0.42+0.3 .0.8+0.16 
South Tropic 25.5 9 3.2+0:3 °2.4 +0.3. 2260.3 06208 2.420.15 
Average (area weighted) 95 + 0.1 

Jan., Feb., Mar., Apr., May, June, July, Aug., 

Area 1955 1955 1955. 1955 1955 1955 1955 1955 Average 
Arctic 0.32 1.2 0.52 0.62 2.0 1: 2 1.6 0.82 1.07 
North Tem- 

perate eps 0.55 1.1 Ted 2.9 1.9 2.5 1.4 1.57 
Pacific (21 

stations) 6.53 0.58 2.2 t.i 1.6 t'3 1.2 1.0 1.19 
US. 0.86 0.86 1.4 2.3 4.0 2.8 2.9 1.4 2.07 
North Tropic 0.71 0.70 1.2 0.78 eas 0.80 0.87 0.50 0.88 
South Tropic 1.5 ie 0.83 0.40 1.0 1.5 0.60 0.72 0.98 
South Tem- 

perate (4 


stations) 1.1 0.46 0.9 0.40 0.38 1.9 1.1 1.4 0.74 
Average (area weighted, except U.S. and North Temperate 
omitted because of Teapot) 0.95+0.1 


* Sunshine Report for July and August, NYOO Report NYO-4661, September 16, 1955, and personal com- 
munication from Dr. E. C. Plesset, Rand Corporation. 
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Fic. 7.—World-wide Sr® fallout rates, September-December, 1954, (gummed paper at - 
63 per cent efficiency except antarctic value, which was snow). 
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storage, but widespread fallout is found to occur at least 1.7 years after a megaton 
test series. 

2. This average world-wide Sr” fallout rate in the fall of 1954 and the spring 
and summer of 1955 was 1.2 mc/mi?/yr (see Table 10). 

Additional information available on the Sr® distribution has been obtained by 
air filters operated at sea level, principally by the Naval Research Laboratory, 
measured in the Chicago Sunshine Laboratory, and by the Health and Safety 
Laboratory.'* The surface samples collected at Washington, D.C., by the Naval 
Research Laboratory and measured at Chicago*-!? are given in Table 11 and 


TABLE 11 


Arr-FitterR Data, WASHINGTON, D.C. 


(Army Chemical Corps Type 5 Paper, 99 Per Cent Efficient Down to Few 
Tenths Micron; 75 Per Cent Efficient Down to 0.01 Micron) 


Equivalent* Fallout 


Washington, D.C. Sr (dpm/108 Ft’) (Mc/Mi?/Yr) 
April 5-8, 1953 18.6+0.7 0.14 
October 2-6, 1953 Al yhecte 3.0 0.3 
October 6-9, 1953 30.5 + 1.1 0.2 
October 12-15, 1953 70.4 + 12 0.5 
April 3-5, 1954 91.0+7 Y.5 
April 8-10, 1954 6.4+0.2 0.05 
April 10-12, 1954 258 + 6 1.9 
April 12-14, 1954 65.5 + 4.6 0.5 
April 15-17, 1954 11+0.5 0.08 
April 17-19, 1954 21+0.6 0.16 
April 29-May 1, 1954 32.24 2.6 0.2 
May 11-13, 1954 d13' ck 2-2 0.2 
May 24-26, 1954 216+ 11 1.6 
June 1-3, 1954 68-3 +4 » 0.5 
July 16-17, 1954 73.6 % §.2 0.5 
July 26-29, 1954 48+3.9 0.36 
November 1-3, 1954 120 + 7 0.9 
December 1-2, 1954 103 + 4 0.8 
January 3-4, 1955 281 + 6 2.1 
February 5-6, 1955 127k 5 0.9 
February 10-12, 1955 241 + 10 1.8 
February 22-23, 1955 202 + 11 1.5 
March 3-4, 1955 270 + 13 2.0 
March 7-8, 1955 394.+ 20 2.9 
March 13-14, 1955 267 + 16 2.0 
March 16-17, 1955 310 + 15 2.3 
March 22-23, 1955 393 + 20 2.9 


* 134 dpm/10¢ ft? = 1 mc/mi?/yr (cf. text); (28300 ft?/ft? = 108 ft?/35.5 ft2). 


Figure 8. In order to correlate these data with the fallout rate, we recall] that, 
as remarked previously, any rain of 0.1 inch or more probably will thoroughly 
wash down the fallout in the air below the layer at which the rain originates. 
Examination of the weather data for the Washington, D.C., area in the period 
when the samples were taken shows that the average interval between rains was 
6 + 3days. Therefore, the Sr® content of surface air should correspond to fallout 
for this time on the average, and we would expect a fallout rate R (mc/mi?/yr) to 


correspond to a surface-air content of R XK 572 365 xX 79 XK 41 X 2.5 dpm/108 ft?, 


since 79 dpm/ft? is equivalent to 1 mc/mi? and there are 41 ft?/10® ft* below the 
tropopause on the average at Washington, D.C., and 2.5 is the average ratio of 
height. of tropopause to rain-bearing layers. The resulting rate of 0.70 + 0.2 
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mc/mi2/yr is definitely low, compared to the rain result of 2.3. + 0.2 mc/mi?/yr 
for Chicago (Fig. 5) and of 1.5 + 0.1 mc/mi*/yr for data involving gummed paper 
(Fig. 7 and Table 9)... The uncertainty in the factor of 2.5, for the ratio of rain- 
bearing layer height is probably the principal uncertainty in the calculation of the 
fallout rate from air-filter data, though it may be that the perfect’ vertical mixing 
of the lower 40 per cent of the troposphere implicit in the calculation is an incorrect 
assumption, in that air right at the surface is cleaned to a considerable extent. by 
surface contact with vegetation and water and soil and therefore has less fallout 
than the average for the lower troposphere. 


(134dpm/10° cu.ft. = Ime /mi2 /yr) 


AVE.: ) POST CASTLE \ 9.70 - 0.23 
PRE TEAPOT 


TEAPOT 


EQUIV. Se°o FALLOUT RATE (me mi? yr) 
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Fig. 8.—Sr®” in air, Washington, D.C. 


From the data given on rates of fallout, we calculate the average stratospheric 
residence time, tr = 10 + 5 years. The high-altitude data show a definite rise 
above the tropopause. This is strong confirmation for the stratospheric storage 
and dissemination mechanism. 


II. DISCUSSION 


A. PReEpDIcTED Sr FaLLoutT 


The stratosphere reservoir of Sr® immediately after Operation Castle had been 
completed was about 12 me/mi?. . The fallout rate of Sr* corresponds to an average 
storage time of 10 + 5 years and essentially uniform world-wide dissemination. 
The radioactive half-life of Sr is 28 years, corresponding to an average life of 40 
years. Therefore, the Sr” fallout rate from tests up to and through the Castle 
series should be given by | 


: 
R = (2) 12e~K110+1/40) me/mi2/yr, 1) 
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where ¢ is the time elapsed, in years, since May, 1954. This relation is given in 
Figure 9.’ From it, we can predict the tropospheric air content to be 
_ RT X,2.5 X79 X 41 ‘tidied 
As NG RN EN dpm/105 ft®, (2) 
where a period of 7’ days elapses between the rains washing out the air mass con- 
cerned. Taking 7 to be 6 days on the average, the surface air should contain 
134 R dpm/10* ft* in the middle latitudes. 

The rainfall content will be 4 R dpm/gal for regions with an annual rainfall of 
31.5 inches. The concentrations of Sr® per unit volume for other annual pre- 
cipitations are to be derived by inverse proportionately, e.g., in Antarctica, where 
the annual precipitation is about one-fourth of 31.5 inches, the Sr” content of snow 
aaa be given by 16 R, or 


A’ = 16 X 1.20e7/01/19F1/4 dom /gal. (3) 


In this connection, it is very important to note that regions of frequent rain- 
fall very probably will receive more Sr® fallout than will more arid regions. 


° 





R= 1.29 1710 © 1/48) ne seni 2 yn, 
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Fic. 9.—Predicted fallout rate for Sr#° formed prior to and during 
operation castle. 


Of course, some fallout will be deposited by the surface winds blowing over the 
leaves of trees and grass. For example, the Naval: Research Laboratory” has 
mounted an uncharged platinum screen vertically and held normal to the surface 
winds by a large vane. . The deposition is by impact. \ Two weeks’ total collections 
were made, and these gave up to 20 times as much as for gummed papers of the 
same area exposed for the same time in the same place. The screen was 80 mesh 
and probably passed about 0.5 X 10° ft.4 in the 2 weeks’ exposure. From this it 
is clear that surface contact with fallout-laden tropospheric air must result in dep- 
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osition. Further evidence for this is seen in Table 1, where there is seen to be 
essentially no correlation between the Sr® contents of soils and the crops of alfalfa 
grown on them. There obviously must have been very considerable direct dep 
osition on the surface of the plants. Also, the relatively low values for the Sr% 
content of surface air found by the Naval Research Laboratory (Table 11), cal- 
culated with respect to the observed rain content, may very well be due to surface 
deposition by direct contact on tree leaves and grass. 

The soil content will be the total of all fallout radioactivity, less any natural 
weathering processes which serve to remove the fallout Sr® from the chemically available 
form in which plants can assimilate it. Neglecting this latter effect, although, as 
we shall see, there is reason to believe that such effects are operative in an important 
way, and taking the average for the exchangeable Ca content of soils over the 
world (cf. Tables 2 and 3), which is 8 gm/ft?/in. we calculate that the top 2.5 inches 
of soil, which in general holds nearly all the Sr® (Tables 2 and 3), has some 20 gm 
of exchangeable Ca. Therefore, we predict that in the absence of curative weather- 
ing effects acting to remove Sr® from contact with the biosphere, the average Sr® 
concentration of exchangeable Ca, in MPC units, should be 


0.0792 t 
—saxml? +, 24. (4) 


where P is the pre-Castle deposition of 0.8 mc/mi? in the middle latitudes and 0.2 
mc/mi? world wide. Thus in the middle latitudes the Sr® concentration of ex- 
changeable soil Ca should be given in MPC units by 


0.0792 f 
Sot See ; 1.2 “0 at —1/40 
sem [08 + foe tie (5) 
or, ’ 
S = [0.00154 0.0213(1 — e7*/1%) Je-/*, (5’) 


This result in terms of mce/mi? and MPC units is presented graphically in Figure 
10. The maximum post-Castle Sr® soil activity will be expected in about 1970. 
The present average should be about 0.005 MPC unit for soil with 20 gm. exchange- 
able Ca/ft?. Those soils of low Ca content can, of course, have a much higher 
Sr” content for unit amount of exchangeable Ca. Consider, for example, certain 
areas in Wales near Cardigan (cf. Table 3, Sample No. 54417), where the available 
Ca/ft? amounted to only 0.4 gm. and the specific Sr® activity was found to be 
0.097 MPC. For this area our analysis would predict a forty fold higher content 
than that given in Figure 10. This, of course, is reflected in higher contents for 
the bones of grazing animals. 

The weathering processes which may operate to fix the fallout Sr and make it 
unavailable to the biosphere, such as the fixation in massive Ca deposits, are 
worthy of consideration. Only further investigation will reveal how important 
such processes are. The present Project Sunshine sampling program includes 
repeated sampling of given regions. The data so obtained should disclose any 
such trends. Some data already in hand seem to indicate such effects, but further 
confirmation is necessary. 
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Fic. 10.—Predicted Sr® in soil following Castle (Assumed Ca = 20 gms./ft?/2.5”) 


In addition, palliative measures may prove effective. For example, Nervik, 
Kalkstein, and Libby’ have shown that milk can be purified for radiostrontium 
by a treatment which may well prove to be quite practical and inexpensive. 


B. BIOSPHERE CONTENT OF Sr% 
It seems clear that there will be. discriminatory barriers of some magnitude 


operating at each of the stages of transfer from the soil into the biosphere. Taking 
these stages in general to be 


(1) Soil > Plants, 
(2) Plants ~ Animals, 
(3) Animals (milk) — Humans, 


we consider the three corresponding barriers. 


1. | Sozl-to-Plant Transfers.—In’ Table 12 the Sr contents of plants are com- 
pared with those for the soils on which they grew at .a variety of localities just 
before Operation Castle. It seems clear that, on the average, plants have about 
twice the specific Sr content relative to Ca that the supporting soils do. It seems 


TABLE 12 


Pre-CastLeE PLANT Sr® ContTENTS 
(Values Are Given in Terms of 1/1,000 MPC Units) 


Content of 
‘ Soil Which 
Location Plant Date Reference Plant Content Grew Plant 
US. Alfalfa (Average of Table 1) 8.9 4.7+.0/4 
Turkey Alfalfa 10-53 a 2.16 + 0.18 LZ Oy 
Cuba Tobacco 4-54 7 LO Use (1.6)f 
New Zealand Forage 11-53 t 1007 +-:0::28 0.21 
New Zealand Forage 1-54 ve 0.84 + 0.10 0.18 
Chile Forage 11-53 § 0.84 + 0.02 0.33* 


*E. A. Martell and W. F. Libby, Project Sunshine Bull. No. 10, January 10, 1955. 

+ Calculated from average pre-Castle deposition (Fig. 4a) for latitude of Cuba and assumed average Ca content 
of 20 gm/ft? in top 2.5 inches. 

t E. A. Martell, Project Sunshine Bull. No. 10, Suppl. 1, March 1, 1955. 

§ E. A. Martell, iid Suppl. 2, June 1, 1955. , 
very likely that this is due in part to fallout occurring directly on the external 
plant surfaces. This is further borne out by the lack of detailed correlation in 
Table 1 between soil and alfalfa results for eleven middle western United States 
farms. From this result, we may calculate that about half the total Sr® content 


of alfalfa is due to direct fallout, while for general forage it is probably an even 
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higher percentage. This comparison is not quite accurate, because, although 
almost all the Sr® is contained in the top 2.5 inches of soil, the Ca, on the other 
hand, is available to the entire depth of the root system. It is also recognized 
that the vertical distribution of the Ca may be nonuniform. There is no reason 
to expect preferential assimilation of Sr from the soil relative to Ca; hence the 
only other explanation for the data in Table 12 is direct fallout. As remarked in 
Section I in the paragraphs on rain and air-filter data, there are two mechanisms 
for direct fallout of the ultra-finely divided particulate matter carrying the Sr% 
in the stratospheric reservoir—rainout and contact deposition after the fallout 
has entered the troposphere. Rainout appears to be the principal mechanism, 
though it has been demonstrated by the Naval Research Laboratory,” as men- 
tioned earlier, that an 80-mesh screen mounted vertically to prevailing surface 
winds can gather more fallout than falls out directly on the average by all mech- 
anisms. It is not clear, however, to what degree foliage acts in this way, but 
the probability seems high that the effect is relatively minor and that rainout, 
followed by drying of raindrops, is the main way in which the foliage surfaces 
gather fallout. 

On this basis we conclude that total fallout in arid regions should be appreciably 
lower than in areas with normal rainfall. This effect seems to be borne out by the 
data available now, though more definitive experiments are needed. It probably 
follows also that regions subject to seasonal rainfall rather than relatively uniform 
precipitation all year should show less fallout for the same total annual rainfall. 
Also, regions subject to frequent morning fogs may be particularly high in total 
fallout. The Sr probably will enter the troposphere at relatively uniform rates, 
but the chance of precipitation will depend strongly on the local weather. 

Of course, rainfall is necessary to plant growths, so that plants are certain to 
gather some fallout. However, for regions of low rainfall where irrigation is 
used—such as the Imperial Valley in California—the fallout content of the crops 
should be particularly low, for, as shown in Table 7, rivers are nearly free of fallout, 
since the soil purifies the runoff water before it reaches the rivers. Similarly, 
reservoirs and lakes will be low relative to rain because of dilution and the im- 
portance of runoff water from surrounding watersheds in replacing evaporative and 
withdrawal losses. It is also well to note that the ordinary water purification 
processes are effective in removing an appreciable fraction of the radiostron- 
tium. 

The by-passing of soil entirely, which occurs in the direct fallout on plant sur- 
faces, of course means that the retarding effects of high Ca contents in soil are 
inoperative, and cattle grazing on such foliage may show little correlation in the 
Sr® contents with the soil Sr* activity for this reason. This appears, from the 
data in Table 1, to be true in the United States Midwest. 

It is clear, however, that washing may reduce the level of fallout externally 
carried by plants, though direct leaf absorption will be expected to occur rather 
rapidly for water-soluble fallout. For, the megaton weapons fired in the Pacific, 
the bulk of the fallout resides on particles of CaO or Ca(OH). or mixtures of CaO, 
Ca(OH)», and CaCO; made by the great heat. of the fireball acting on the coral of 
the islands and sea floor in the firing areas.2!_ A large amount also is carried on 
NaCl particles. This material, therefore, should be quite water-soluble and should 
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be rapidly absorbed into the leaves. Washing therefore probably will not be 
particularly effective for the world-wide fallout, which derives from the Pacific 
tests. From weapons fired in the air, the particles probably will consist of less 
soluble oxides and therefore are more likely to wash off of plant surfaces before 
being absorbed. 

Menzel,” of the United States Department of Agriculture, grew cowpeas on 
42 American soils to which equal amounts of bomb debris had been added. Avail- 
able Ca ranged from 0.7 to 48 milliequivalents of Ca/100 gm of soil. The Sr®/Ca 
ratio of the plants was approximately inversely proportional to the available Ca 
in the soil over the full range of Ca availability.” In another set of experiments on 
a particular type of soil (Evesboro) to which known amounts of Sr had been added 
at two carrier levels, the results listed in Table 13 were found. The distribution 


TABLE 13 
PLANT ASSIMILATION OF Sr™ rRom Soru 
(Sr/Ca) Soil 
Crop (By Equivalents) ksr kBa 
0.017 0.45 0.020 
Barley ‘riniitin 0.39 0.022 
0.017 0.49 0.023 
Buckwheat 10:07 0.43 0.028 
0.017 0.53 0.057 
Cowpeas F BOI 0.37 0.053 


factor, ks,, defined as (Sr/Ca)plant/(Sr/Ca)soil, indicates the discrimination 
which the plant makes between Sr and Ca uptake. Similar tests were made for Ba. 

By combining these data, Menzel concluded, as shown in Table 13, that the 
average Sr uptake from Amcrican soils was best fitted by a distribution factor of 
kgr = 0.36. This average probably will apply world-wide about as well. 

2. Plant-to-Animal Transfer—The Sr” contained in grass and foliage eaten 
by grazing animals will be retained to an extent dependent on the metabolism 
of the animal. For example. for a l-year-old steer?’ 30 per cent of the Sr®° fed 
orally was retained with essentially no discrimination relative to Ca. There ap- 
pears to be a higher retention, approaching 90 per cent, for intravenous injection 
of young rats.? High Ca diets reduce the Sr® uptake for rats, adult rats take up 
about 16 per cent of the ingested Sr® on the same low Ca diet for which the young 
rats took up 73 per cent. 

Comar”! has performed experiments on cows in which the Sr/Ca ratio in feed, 
blood, and milk was measured under equilibrium conditions. Typical relative 
values were 1.0, 0.37, and 0.13, respectively, thus indicating a relative lowering of 
the Sr® content of the milk relative to the feed. This is borne out by direct ob- 
servation on the fallout, as seen in Table 1, where for the Chicago milkshed the 
milk averaged 0.0014 MPC, while the alfalfa fed averaged 0.0089 MPC. 

3. Muilk-to-Human Transfer.—This ability of the cow to reduce the Sr® in the 
milk relative to the feed is important as a barrier to human ingestion of this fallout 
radioactivity. With it in mind, we can expect that human Sr° burdens should be 
20 per cent or less (for older people) of the plant contents and about equal to the 
milk and cheese levels if the entire Ca in the body were assimilated at a given Sr%° 
content of the milk. 
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Since the Sr® content of the whole biosphere is continually rising, about as shown 
in Figure 10, the average Sr® content of milk should rise in a similar manner. 
Therefore, the intake of Sr® by humans is steadily increasing, as shown in Figures 
la, 1b, 1c, and 1d. The data in Table 3 and Figures Ic and 1d show that the milk 
level at the time of Operation Castle averaged about 0.001 MPC, peaking in the 
middle latitudes, as did the soil assays (cf. Fig. 4a). This value shows a ratio of 
about 0.7 for the milk level to the average soil level for the top 2.5 inches of soil with 
20 gm. of contained available Ca/ft?. This high value probably is due to leaf 
pickup of fallout. Taking this as a general result, we predict the world values 
for milk and cheese at about 70 per cent of the soil values given in Figure 10, plus 
any local fallout. This would mean that we would expect average foreign milk 
and cheese samples to show about 0.004 MPC at the present time. 

The human bone, of course, is formed during the growing process, so that the 
Sr® content of children should be higher than for adults. The data® 8~!% % verify 
this prediction; however, for newborn babies there is less Sr® than corresponds to 
the milk, showing the retarding effect of the mother’s older Ca pool. Children 
seem to carry Sr“ approximately equal to the average level of the milk during 
the period of their lives. Adults decrease in Sr® concentration with age as ex- 
pected. It seems that the adults of the future will have Sr® levels corresponding 
to the milk levels during their lifetime weighted according to their rate of growth. 
For example, the years from 10 to 18 will be most important for men and from 
6 to 12 for women. Foreign children born now, according to Figure 10, should 
develop about 0.011 MPC unit during their lives. Children born now in the 
United States will develop a somewhat higher level, due to somewhat higher milk 
levels. 
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CURRENT. RESEARCH FINDINGS ON 
RADIOACTIVE FALLOUT 


By Wiiuarp F. Lipsy 
UNITED STATES ATOMIC ENERGY COMMISSION, WASHINGTON, D.C. 
Communicated October 17, 1956 
I. INTRODUCTION 


The radioactivity produced by the fission reaction, being due to a mixture of 
many different fission products, changes its characteristics continuously and rapidly 
following release by the bomb detonation.. Thus the conditions, of firing are of ex- 
treme importance in determining the fallout effects. The intensity of radiation is 
enormously greater soon after the detonations, decreasing about tenfold for every 
seven fold increase in age. Since the time required for ingestion into the body is 
long, ingestion is unlikely for the shorter-lived fission products, and therefore the 
principal hazards for close-in fallout are radiation exposures by gamma radiation of 
the whole body and by beta radiation on the skin. 

In the longer times, weeks and months after the explosion, the ingestive hazards 
begin to become important. The most serious of these is the high-yield fission 
product, radioactive strontium (Sr), which because of its own radiation and those 
of its short-lived daughter, yttrium 90 (Y%), and because of its chemical similarity 
to the bone-building element, calcium, finds itself deposited in bone structure. 
Other radioactivities produced would be as bad if they spent as long a time in the 
body or if their radioactive lifetimes were long enough or if they were produced in 
high yield. Strontium has all these characteristics. Hence for the fission products 
which have survived the first weeks, the most important fallout constituent and 
the one most seriously to be considered is Sr®. Neither radiostrontium nor its 
yttrium daughter emits gamma radiation, but only beta radiation. After the first- 
year cesium 137 (Cs!*’), with half-life of thirty-three years, is the principal source 
of the residual gamma radiation, and any gamma radiation exposures due to fission 
products which are more than one year old are due very largely to radioactive 
cesium. In fact, old fallout can be thought of as a mixture of roughly equal radia- 
tion intensities in millicuries of radioactive Sr® and radioactive Cs!*". The other 
isotopes either constitute no ingestive hazard or fail to emit gamma radiation in 
appreciable intensity. Thus, the hazards of world-wide fallout reduce themselves 
largely to the ingestive hazard of radioactive Sr® and the external exposure from 
radioactive Cs}*. 

The mechanism by which atomic-weapon debris is disseminated leads to three 
kinds of fallout. First, there is the strictly local fallout, which is due to the return 
to earth of the larger particles in the fireball. These may have their origin in the 
dirt, the soil, or tower structures which are taken into the fireball and either wholly 
or partially vaporized. The fraction of the total which falls out locally depends 
very much upon the conditions of firing. The most serious factor is the degree of 
contact of the fireball with the surface; another is the nature of the surface. For 
example, soil appears to be much more effective than water in producing local 
fallout. 
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Experience has shown that an atomic device exploded on the surface distributes 
about 80 per cent of its fission products on the ground within a few hundred miles 
of the burst point. A somewhat larger percentage takes part in the close-in fallout 
from an underground burst, and a smaller percentage will be scavenged from a near- 
surface burst or tower shot. 


0.001 MPC UNITS 
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Fic. 1a:—Wisconsin cheese, Sr® content 


The tower shot is, in a sense, a special case of a surface burst, since the material 
of the tower itself is mixed with the fission products in the fireball to.a greater or 
lesser degree, depending on the yield. Experience with tower shots indicates that 
even in cases where the fireball does not touch the ground a few per cent of the 
radioactive fission products come down as close-in fallout. 

The fraction which takes part in the close-in fallout from a surface burst over 
deep ocean water appears to be somewhere between 20 and 50 per cent. This is 
less than the fraction of close-in fallout occurring from a corresponding surface 
burst over land, due to the evaporation of many of the drops before they reach the 
ground. Presumably this fraction is also affected by the prevailing humidity and 
temperature structure of the atmosphere through which the drops must fall. As 
the depth of the. water is decreased, the point is reached where the fireball extends 
downward to the bottom and picks up bottom material. In such shallow water 
one would expect a higher percentage of close-in fallout than in deep water. Ex- 
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perience in the Pacific indicates that such is indeed the case and that in fact there 
would be very little difference in the fallout between a large-yield device in very 
shallow water and a true surface shot.! 

The second type of fallout is the material which, though not coarse enough to 
fall of its own weight in the first few hours, is, nevertheless, left in the lower layer 
of the atmosphere, known as the troposphere, where ordinary weather phenomena 
occur. It is now well established that fallout particles are removed from this 
lower layer of the atmosphere in the first month or so; therefore, the tropospheric 
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Fig. 1b.—Foreign cheese, Sr®® content (crosses: Southern Hemisphere) 


fallout stays airborne at most a matter of a month or two before being deposited. 
Of course, in this time, it will in general move great distances, possibly even all the 
way around the earth; but, in general, it stays in the general latitude in which the 
explosion occurred. So the second type of fallout, the tropospheric world-wide fall- 
out, produces a band of radioactivity in the general latitude of the firing site. 
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The fraction of the fallout in this category depends mainly on the bomb yield and 
the conditions of firing. A bomb which is fired on the ground produces a maximum 
of local fallout, naturally leaving less for the world-wide fallout of either the tropo- 
spheric or stratospheric variety. The bomb yield determines the division of the 
world-wide fallout between the two kinds of world-wide fallout. A general rough 
rule is that a 1-megaton bomb will produce clouds which push into the higher layer 
of the atmosphere, the stratosphere, before disseminating and that the clouds from 
bombs of less than 1 megaton will tend to stay mainly in the troposphere. Thus 
we see that a 500-kiloton weapon fired so its fireball did not touch the ground would 
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Fig. le.—Chicago Milk, Sr™ content 


be expected to put the major part of its radioactivity in a band stretching around the 
world in the general latitude of the firing site. The distribution of the activity 
would be world wide and would be completed within the first month or two. _Simi- 
larly, the same bomb fired in contact with the earth with ordinary soil would have a 
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large fraction—something like 80 per cent—of its fallout deposited within the first 
few hours within a few hundred miles of the test site, and the rest of the material 
would be spread in the tropospheric world-wide fallout pattern in a band around 
the earth in the same general latitude, — ) | 
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Fic. 1d.—Foreign milk, Sr® content (crosses: Southern Hemisphere) 


The third type of fallout is the stratospheric world-wide fallout. Weapons of 
yields of 1 megaton and greater thrust their radioactive clouds into the stratosphere, 
and the material which does not fall of its own weight within the first few hours 
is then very largely borne in the stratosphere for great lengths of time. An average 
time seems to be about ten years or somewhat less. A small amount of tropospheric 
world fallout is also produced, presumably due to a small fraction of particulate 
matter which is of just the right size to descend in a matter of weeks, The division 
into the two types, the local and the stratospheric world-wide, is very sharp and 
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marked, however, and to a very considerable approximation one can say that the 
megaton weapons yield the bulk of their fallout in these two categories. A weapon 
involving 1 megaton of fission would, if fired in the air, place most of its radioactivity 
in the stratosphere, and this, in contrast to the tropospheric fallout, appears to be 
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widely distributed latitudinally and does not descend through the tropopause into 
the troposphere until months and years—an average time of about ten years—have 
elapsed. The resultant pattern of fallout appears to be essentially in approximately 
uniform world-wide distribution. The long time spent in the stratosphere is proba- 


RADIOACTIVE, FALLOUT AND ITS EFFECTS. ON MAN 1501 


bly due to the absence of such scavenging agents as rain or snow, so the particles 
either must fall out of their own weight or diffuse downward by slight eddy motion, 
either of these processes being. of their very nature slow. After, passing through 
the tropopause into the troposphere, they will be rained out rather quickly ina matter 
of days or weeks. Because of the long residence time in the air, this type of fallout 
is. particularly harmless as.a gamma-ray hazard, since only the Cs!*’ is left.. The 
amount of Cs’ is about, the same in millicuries as the Sr®; thus 1.megaton of fis- 
sion thus distributed throughout the stratosphere would yield about 1/2 mc/mi? 
of either Sr® or Cs!*7,_ Just as in the case of Sr®, the rate of deposition of about 10 
per cent of the reservoir per year corresponds to a stratospheric fallout rate of Cs!*7 
of 0.05 mc/mi?/yr in the beginning. This rate decreases to half, or-0.025 mc/ 
mi?/yr, at about seven years, as the stratospheric reservoir becomes depleted. 
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Fic. 2c.—Human stillborns (measurements by Chicago laboratories) (error less than 
0.00005, unless otherwise indicated; parenthetical numbers are number of cases used 
for the average) 


After the Castle test series was completed, there were about 24 megatons of 
fission in the stratosphere, corresponding to about 12 mc/mi? of Sr® on the aver- 
age and about the same amount. of Cs!*”...The subsequent stratospheric world- 
wide fallout rate appears to have been a little over 1 mc/mi?/yr all over the world. 
In addition, of course, local fallout and tropospheric latitudinally localized world- 
wide fallout have occurred from subsequent weapons tests by the Russians and 
the Redwing series completed last summer at the Eniwetok Proving Grounds. _ 


II. RESEARCH FINDINGS 


A. Amount of Fallout and Expected Sr® Body Burden from Weapons Fired to 
Date.—Since our last report,’ further data,on the actual magnitude of fallout in 
various places in the world and in various selected spots in the food chain have be- 
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come available. We shall summarize the results. Some human bone now con- 
tains radioactive strontium at levels of about one-thousandth of maximum permis- 
sible concentration (0.001 MPC; the MPC is 1 microcurie of Sr® for the standard 
man and proportionally less for children, and is the maximum permissible concen- 
tration) in the northern latitudes where the bombs have been fired and the world- 
wide tropospheric fallout has occurred. There is evidence in the data on human 
material] that age is a factor, e.g., older people who have had their calcium deposited 
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Fia. 3a.—Calf bones 


prior to the weapons tests show lower concentrations, though in some instances 
exceptions to this rule are to be found. Lower levels are found in the Southern 
Hemisphere, where the major contamination is due solely to the world-wide strato- 
spheric fallout, which in the northern latitudes of 10°-50° N. is generally less than 
one-half or one-quarter of the total fallout. The deposition in the human body 
seems roughly to parallel the levels of the totalfallout. More data are necessary to 
validate this point fully. 
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At the end of 1955 the total deposition in the upper Midwest of the United States 
was some 13 mc/mi? of Sr®. In the spring of 1956 this total rose to about 16 
me/mi?. 

Between May 5 and mid-July of this year, Operation Redwing was conducted 
at the Eniwetok Proving Grounds in the Pacific. Particular attention was paid 
to the fallout problem in this operation, and a major effect was made to produce a 
megaton-range weapon with an inherently smaller amount of fallout for a given 
energy release. This effort was successful. In addition, considerable attention 


0.070 


}8 ANIMALS (LAMB) LOGAN, UTAH 
HUAN CAYO, PERU 


}itacy 
> DAMASCUS, SYRIA; LEBANON 


} SUFFOLK, ENGLAND; WALES 
} ALGERIA 


}WALES 
}HAMMERFEST, NORWAY 


} SUFFOLK, ENGLAND 


} NORWAY 
> PARIS, FRANCE 


>} ROME; TURKEY 


© 

o 

$ 
e 


MPC UNITS OF Sr? 
Q 
o 
S$ 


< 
<< 
<< 
O26 
° 
oF 
< 
vg 
=< 
oe) 
e 


0.030 


0.020 


0.010 





0.000 
1953 1954 1955 1956 


Fic. 3b.—Sheep bones 


was paid to operational factors which would minimize world-wide fallout. Thus 
the total deposition in the stratosphere during this operation was held to a figure 
very considerably less than that present in the stratosphere before the operation. 
In fact, we estimate at the present time that the total stratospheric reservoir, count- 
ing all sources, is about the same as it was two years ago, i.e., 12 mc/mi? or Sr”, 
or the equivalent of 24 megatons of fission, calculated as a uniform world-wide dis- 
tribution. During the last two years the additional depositions in the stratosphere 
have amounted to about 6 megatons equivalent of fission products total, or 3 mc/mi? 
of Sr® or Cs!*7,_ This appears to have compensated approximately for the 10 per 
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cent per year of fallout, and the 2.5 per cent, per year of radioactive decay. In 
other words, the testing by all pester tr seems to have restored the stratospheric 
reservoir to approximately the 24-megaton value of two years ago. 

The latitudinal tropospheric world-wide fallout, which is maximized by weapons 
of high yield which do not puncture into the stratosphere, is increasing. Several 
such weapons. have been air-fired abroad in the last months. - This material, for 
the reasons explained above, descends rather rapidly but all the way around the 
world in the same general Ae tek as the firing site. Thus, though it is difficult to 
estimate, it appears that this amounts to perhaps 5 additional mc/mi2 of Sr® and 
Cs'*¥7 in the United States. Adding to this about 1/2 mc/mi? for the world-wide 
tropospheric fallout from Operation Redwing and 1 me/mi? for stratospheric fall- 
out, we would estimate at present that a total of about 22 mc/mi? or Sr” is to be 
found in the soils of the midwestern United States and that perhaps 15-17 me/mi? 
is the total to be expected for similar latitudes elsewhere in the world, the difference 
being due to our proximity to our own weapons testing site in Nevada. These 22 
mc/mi? of Sr® in the soil of the United States amount to about 0.040 MPC units in 
the top two inches of soil, where most of the fallout is absorbed. 
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As of the present time; considering the latest human-bone and milkshed data, 
both domestic and Be Mois together with the total fallout figures for oorseapinelind 
periods, we find that the level of somewhat less than 0.001 MPC units now found 
in the bones of young children is to be compared with a total Sr® fallout in the soil 
of about 12 times higher concentration. | Additionally, laboratory data have shown 
that there is a threefold discrimination against strontium as compared to calcium 
in the assimilation by plants from the soil and that a further factor exists of about 
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eightfold discrimination against strontium relative to calcium in the excretion of 
strontium in milk as compared to the cow feed. Farlier,? it seemed reasonable to 
conclude that the human-body burden of Sr® might wel) be as high as 70 per cent 
of the'concentration in the top soil on which people live. The further evidence just 
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Fic. 5.—Sr® fallout history, Chicago milkshed area 
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Fia. 6.—Total Sr® fallout in Chicago in 1955 (Pot collection) 


¢ited seems to indicate that this figure is much too high and possibly should be re- 
duced to about 10 per cent. A strict application of the two discrimination factors 
described would give 4 per cent. Leaf retention of fallout which bypasses the soil 
causes the figure to be higher. Therefore, at the moment, we would expect that the 
hody burden for children born now in America eventually would amount to be- 
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tween 0.004 MPC units, corresponding to 10 per cent of the top-soil concentration, 
and possibly a figure two or three times higher. The stratospheric deposition would 
be expected to continue at the expected rate, which at the present is about 1.2 
mc/yr,.so that some fifteen years from now, in the early 1970’s a maximum addi- 
tional total stratospheric fallout of about 6 mc/mi? will have occurred. In the 
meantime, the present 22 mc/mi? would have been reduced to 15 by radioactive 
decay, just about compensating for the stratospheric deposition. Thus the con- 
clusion that the body burden in the United States from weapons fired to date would 
be about 0.004 MPC units, or possibly as high as0.010 MPC units, seems justified. 
This level probably will not be exceeded in other countries unless particular factors 
of environment intervene, since the United States probably has the highest total 
fallout in the world. It seems very unlikely, however, that environmental factors 
could increase the level over the United States by more than a factor of 2 or 3. 
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Fic. 7.—Total Sr® fallout in Pittsburgh in 1955-1956 (Pot collection) 


B. Effect of Rainfall—As mentioned earlier, there is excellent reason to suppose 
that the deposition from the troposphere on the earth’s surface is best accomplished 
by rain. By rain is meant not heavy rain but anything which involves the settling 
of water droplets. This might include fog or mist. The suggestion has been 
made? that the small size of the stratospheric fallout particles gives them a very 
high mobility due to molecular motion, since, in fact, they probably are almost 
molecular in dimensions. This high mobility of the particles makes it probable 
that direct contact of the fallout particles with water droplets will occur. One 
imagines on this theory that the tiny particles pass through the tropopause from 
the stratosphere and then meet water droplets in a cloud or mist or rain in the 
course of their rapid random motion due to collisions with the air molecules. Thus, 
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rather than the classical Langmuir mechanism of the rain sweeping out the air 
through which it falls by colliding with the particles themselves, the particles 
probably collide with the water droplets either before or during the rainstorm, 
probably most importantly before. It is clear from this mechanism that fog and 
mist may well be very effective and that a cloud probably gathers a considerable 
fraction of the fallout from the air in its bulk. 

In any case, some experimental evidence has been found for the effect of rainfall 
on fallout by studying three particularly arid regions: the Imperial Valley in 
California at the town of Brawley and the western coast of South America at Anto- 
fagasta, Chile, and Lima, Peru. The soil in Brawley was sampled in January of 
this year and found to contain less than 0.6 mc/mi? of Sr®. In order to realize 
the significance of this number, one should recall that we would have expected 
about 13: mc/mi? as an average figure for the United States: It is true. that. a 
considerable part of this is from the Nevada tests—the depositions of which occur 
mainly in an easterly direction and might well miss southern California—but it 
certainly seems that at least 8 mc/mi? would have been expected in the Imperial 
Valley under normal conditions such as prevail elsewhere in the United States.and 
in Europe and Asia. Thus the observed fallout is not over afew per cent of that 
expected normally. . | 


TABLE 1 


BIOSPHERE Sr” Assay, WISCONSIN MILKSHED, SEPTEMBER 30, 1955 
(0.001 MPC Units unless Otherwise Stated) 


Tora. Sr 





(Mc/Mr1?) -— ALFALFA———— 

Somes —t tent, 1055) 1953 1955 1953 

FARM 0"—27 i a ela VALUE VALUE VALUE VALUE 
Holcomb, Wisconsin 261 te, bi0) hudnte =O, 14 14.8 5.1 19.2.4 1,0... 8&3 
Premo, Wisconsin* 15.0 + 0.5 (0"-6”) 10.6 3.8 25 (Diya th La 4.1 
Kurpeski, Illinois* 12.2 + 0.4 (0"-6.5”) 10.4 4.0 7.05 = 0233, “7.4 
Austin, Illinois 49.9+1.3 9.6 + 0.4 16,5 4ch»ra88.0 .=b, 270 5.0 
McKee, Illinois 98+0.4 0.99 + 0.04 10.6 6.3 30. Sty Dy To hk te 
Van Winkle, Illinois 6515+) 2.6 lOO sp0.4 9.4. 3.8 5.76. 0:29... 5.0 
Carver, Illinois 64.52+1.3 14.0 + 0.7 8.9 3.3 2 diet AalOg Abe 

Average Sr® (mc/mi?) 1Z.0; 4.5 


* Had been plowed to 6” depth. 


In addition to the soil samples, tests were made on the vegetation grown at 
Brawley, California, as well. As expected, it was found that the level was lower. 
Lettuce samples collected from this region at the same time as the soil samples 
showed 0.0004 MPC; broccoli, 0.00025 MPC; green peas, 0.00134 MPC; alfalfa, 
0.0021 MPC. These values all are much lower than those for the midwestern 
United States (shown in Table 2). 

The rainfall data for Brawley are as follows: In 1955 the rainfall totaled. 1.70 
inches, 1.3 inches havin® occurred in January of that year and 9 months having 
had no registered rainfall at all. In 1953 the annual total rainfall was only a trace, 
this trace having occurred in February. 

At Antofagasta, Chile, where it has never been known to rain, except possibly 
on one occasion, we find 0.02 mc/mi? of Sr® in January, 1956, when the general 
deposition for this latitude was apparently a little over 2mc/mi.? In other words 
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about 1 per cent of the fallout expected was found, and 0.02 is hardly larger than 
the experimental error of measurement. 
TABLE 2 
1955 Domestic Sort SAMPLES 


Location 

Winnebago Co., IIl., 
Swanson Farm, 
Site No. 3, Car- 
rington silt loam 

Rock Co., Wis., Hol- 
comb Farm, Site 
No. 4, Carrington 
silt loam 

Rock Co., Wis., Hol- 
comb Farm, site 
No. 4, Carrington 
silt loam 

Columbia Co., Wis. 
Premo Farm, Site 
No. 6, Miami silt 
loam 

McHenry Co., IIl., 
Kurpeski Farm, 
Site, No. 7 

McHenry Co., IIL, 
Austin Farm, Site 
No. 8, Miami silt 
loam 

McHenry Co., IIl., 
Austin Farm, Site 
No. 8, Miami silt 
loam 

McHenry Co., IIL, 
McKee Farm, Site 
No. 9, Drummer 
silt-clay loam 

McHenry Co., IIL., 
McKee Farm, Site 
No. 9, Drummer 
silt-clay loam 

Will Co., Ill., Van 
Winkle Farm, Site 
No. 11, Plainfield 


sand 

Will Co., Til, Van 
Winkle Farm, Site 
No. 11, Plainfield 


sand 

Will Co., Ill., Carver 
Farm, Site No. 12, 
Plainfield sand 

Will Co., Il., Carver 
Farm, Site No. 12, 
Plainfield sand 

Brawley, Calif. (in 
Imperial Valley) 


Lab 
No. 


551503 


551500 


551501 


551502 


551496 


551504 


551505 


551448 


551499 


551508 


551509 


551510 


551511 
56316 


Date 
Sample 
Taken 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 


9/30/55 
1/5/56 


Annual rainfall = 2.57 inches 
In Lima, Peru, the total fallout of Sr® in January, 1956, was 0.7 mc/mi?. The 


annual precipitation in Lima averages only 1.89 inches, though there is a con- 
siderable amount of ground fog and mist. 


Depth 
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0-2 


0-2 


2-6 
0-2 


2-6 
0-6 


Ca Ex- 
tracted 
(Elec- 
trodial- 
sis 


or 
NHyAc) 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ac 


NH,Ae 
NH,Ac 
NH,Ac 


Electro- 
dialysis 


C. 

(Gm/ Sr® Content 

Ft?) (0.001 MPC) 

82.8 6.83 + 0.08 
15.0 26.7 + 1.0 
31.8 3.81 + 0.14 
25:5 15.0 + 0-5 
30.9 12.2 + 0:4 

6.98 49.9 + 1.3 
Gea 9.6 + 0.4 
3r.2 9.8 + 0.4 
78.4 0.99 + 0.04 
4.4 65.1 + 2.6 
5.1 10.0 + 0.4 
3.4 64.5 £7.35 
5.6 14.0 + 0.7 
54.9 <0.4 


Total Sr” 
(Mc/Mi?) 


9:8 
11.4 
14.8 


3.4 


10.6 


10.4 


12.0 
16.5 


4.5 


2.1 
8.0 

9.4 
1.4 


6.7 
8.9 
2.2 


8.5 
10.6 
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It seems clear from these results and the reasonableness of the mechanism of dep- 
osition advanced by Mr. Greenfield that there is valid reason to believe that 
world-wide fallout is small in ‘the absence of precipitation. Also, it is clear from 
this mechanism that the fallout should not be strictly proportional to total rainfall. 
Frequent light rains or mists would be expected to be more efficient than occasional 
heavy rains. The importance of rain is only to be revealed by a study of desert 
areas and a careful investigation of the scavenging mechanism itself. This work 
may well prove to be of considerable importance in meteorology, as well as in fall- 
out studies. One should note that the local fallout due to larger particles which 
descend in the first hours probably does not need rain to precipitate it and occurs 
in the absence of the precipitation of moisture, although rain may well be able to 
increase even this fallout. 
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TABLE 3 
Sr® ConTENT OF FOREIGN SOILS AFTER CASTLE 
Calc. Exch. Ca 


Rete emirin” 

Sam- (Ammon- (Elec- Total 

Date ple ium tro- Sr” 

Lab. Sample (In- Sunshine Ace- dial- (Mc/ 

Lat./Long. Location No. Taken ches) Units tate) ysis) Mi?) 

33° N/36° E. Damascus, Syria 55590 2/55 0-4 1.40 + 0.10 62.8 .31.7,,1.2 

49° N/2° E. Paris, France 55614 2/55 0-4 0.69 + 0.05 66.2 41.6 0.8 

36° N/139° E. Tokyo, Japan 55644 2/55 0-4 5.86 + 0.29 18.9 6.1 1.0 

0°/27° W. Pera French W. 55645 2/55 0-4 3.71 + 0.14 4.4 4.5 0:5 
rica 

0°/27° W. ae French W. 55646 2/55 0-4 9.31 + 0.74 L.3e1i1i1.0.3 
rica 

36° N/2° E. Algiers, Algeria 55647 2/55 0-4 1.20 + 0.08 60.0 32.6 1.1 

36° N/2° E. Algiers, Algeria 55648 2/55 0-4 2.90 + 0.20 53.8 47.1 3.8 

25° S/57° W. Asuncion, Para- 56450 1/56 0-6 11.8 + 0.75 6.1 6.2 2.0 

guay 

22° §/46° W. Sao Paulo, Brazil 56448 1/56 06 3.04 + 0.27 21.0 14.2: 1.2 

30° S/30° E. Duran. Natal, S. 55777 2/55 0-4 4.48 + 0.19 12.6. 18.7 2.7 
rica 

30° 8/30° E. aos Natal, S. 55778 2/55 0-4 15.0 + 0.08 3.3° 324 °124 
rica 

12° N/45° E. gue Saudi Ara- 55787 2/55 0-4 0.69 + 0.09 107.2 12.5 0.24 
ia* 

33° N/40° E. Ankara, Turkey 55878 2/55 0-4 1.9 96.6 51.6 2.7 

34° N/36° E. Beirut, Lebanon 55591 ° 2/55 0-4 3.2 63.9 52.6 4.6 

34° N/36° E. Terbol, Lebanon 55592 2/55 0-4 1.8 110.7 46.9. 2.4 

24° S/70° W. Antofagasta, Chile 56447 1/56 0O-} 0.44 + 0.04 5,2 + 127 0,02 
12° S/80° W. Lima, Peru 56456 1/56 0-6 0.60 + 0.04 63.9 42.7 0.7 
30° S/115° E. Perth, Australia 55839 2/55 0-4 14.7 + 1.1 2.85320) 1.2 


* Exchangeable Ca by isotopic exchange method for this sample was 19.0 gm/ft?. 


The importance of precipitation as a scavenging mechanism raises the possi- 
bility that different regions will be subjected to varying intensities of fallout, de- 
pending upon the weather conditions. It will be important to test whether this is 
so and whether it is a major effect in populated areas. We have evidence showing 
that extreme aridity greatly reduces the long-range or world-wide fallout, as ex- 
plained above. The evidence to date does not indicate that it is a major effect for 
normal climates, in the sense that it does not appear to amount to more than a 
factor of 2. Regions in which people live normally have enough precipitation so 
that differences in precipitation appear not to affect the fallout by more than such 
afactor. Careful study of the data appended and the previously released data” * ® 
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have failed. to reveal any more serious deviation: .To summarize, desert. regions 
with little or no precipitation, or with only very minimum precipitation, apparently 
have minimum long-range, world-wide fallout; but other regions do not show that 
the fallout is proportional to the total precipitation, nor should it be expected to be 
so; however, detailed conditions related to frequency of precipitation might. well 
be important... The data to date do not,reveal deviations from the general average 
by more than about.a factor of 2, and, in fact, they seem to indicate a smaller devia- 
tion than this. There is some evidence that certain: areas have had more fallout 
than. one might expect. on. the model described above and on previous occasions, 
In particular, there are reports.that certain areas in England show higher levels, 
but the deviations appear to be considerably less than twofold. 

More important, probably, than the variations in total fallout due to weather con- 
ditions is the effect of calcium in the soil in reducing the rate of assimilation of radio- 
active strontium by plants. The plants assimilate strontium because it is chemi- 
cally similar to calcium and, since their appetite for calcium is limited, a larger 
calcium,content in the soil dilutes the strontium so that a smaller fraction is assim- 
ilated. This effect might amount to a factor of 5 in the human-body assimilation 
of radiostrontium in regions with very low calcium content in the top soil. 

C. Direct Measurement of the Stratospheric Fallout Content.—Direct. measure- 
ment by means of high-flying balloons has shown that the stratosphere does indeed 
have about the fallout anticipated in it. In addition, it has been found’in these 
measurements that the radiocesium, Cs'*”, occurs at about the same level as Sr® 
in millicurie units, indicating that there has been no serious fractionation of the two 
fission products by the fallout mechanism.. It further points out that the sampling 
of the stratosphere is a practical] matter and that measurements can be made of the 
stratospheric content of radioactive fallout. Such data should greatly assist the 
whole study of fallout. 

D. Radiocesium Assays for the Biosphere.—Recently a technique for measuring — 
Cs}37 in biosphere samples, particularly in human bodies, has been developed by 
Mr. L. D. Marinelli, of the Argonne National Laboratory.”? It has been found that 
about four-millionths of one millicurie is present in an average adult. This corre- 
sponds rather well to the expected amount, considering the short residence time of 
radiocesium in the body, which is about 3 months, and the expected precipitation 
rate, which is taken to be equal, as a first approximation, to that of radiostrontium. 
The radiocesium, of course, constitutes no hazard, amounting in radiation dosage 
to a small fraction of the amount present'in the blood in the form of that received 
from the ordinary potassium present in the body. Potassium is naturally radio- 
active. Itis interesting further evidence, however, that the general model of fallout 
set forth is consistent with the data and essentially correct. 


III... PLANS 


It is clear that the peoples of the world are extremely interested in radioactive 
fallout because of the bearing that the new phenomenology of the nuclear age has 
on everyone’s life... For this reason we must understand radioactive fallout in all 
its intricacies. It.is to be hoped that the study will be a co-operative, international 
one. The United Nations Scientific Committee on Effects of Atomic Radiation 
offers an ideal forum for the discussion and consideration of the problem. From 
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these deliberations will come further suggestions, ideas, appraisals, and statement of 
the problem: The methods developed in this country for measurement and all the 
data collected are available tu everyone. It is our hope and intention that. this 
problem, like others of the atomic age, will come to be generally understood. 


Fallout is normally considered an aspect of atomic warfare and nuclear armament. 
There is some similarity, however, between the weapons fallout and the hazard from 
a reactor accident, in which radioactive products would be disseminated over a 
limited area but would never reach the stratosphere or undergo anything like the 
world-wide tropospheric dissemination. As it- has so often been observed in the 
past, so it is again true in this instance, that a new fact of nature is likely to have‘its 
beneficent as well as its somber and frightening aspects. As we learn about, the 
way the world-wide fallout particle, probably as tiny as a virus molecule, wends its 
way from the stratosphere through the tropopause into the troposphere and, 
within a few weeks, collides with a water droplet and thus is brought to the earth’s 
surface by rain, we shall learn more about, the circulation of the atmosphere, about 
the way in which rain is formed, and about the questions which will naturally arise 
more. and more frequently as the world’s population increases world-wide pollution 
of the atmosphere not only with fission products but, with the other by-products of 
our new technological age. 


1W.W: Keliogi, R. R. Rapp, and 8. M. Greenfield, “‘Close-in Fallout, ” P-822-AEC, March 12, 
1956. 

sd W. F. Libby, ‘Radioactive Strontium Fallout,” these Prodeunie, 42, 365, 1956. 

3 Stanley Greenfield, Rand Corporation. 

4 John H. Harley, Edward P. Hardy, Jr., George A. Welford, Ira B. Whitney, and Merril Kisen- 
bud, ‘Summary of Analytical Results from the HASL Strontium Program to June 1956,” NYO- 
4751, August 31, 1956. 

5 Project Sunshine Bulletins Nos. 11 and 12, Enrico Fermi Sint tant for Nuclear Studies Uni- 
versity of Chicago, December 1, 1955, and August 1, 1956. 

6 A. P. Hardy and §. Tarras, “General Mills High Altitude Balloon Filter Samples,” Memoran- 
dum, New York Operations Office, July 2, 1956. . 

7 “Gamma-Ray Activity of Contemporary Man,” Science, 124, 122, July 20, 1956. 
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ISOTOPES IN METEOROLOGY 


Remarks Prepared by Dr. Willard F. Libby, Commissioner United States Atomic 
Energy Commission, for delivery before the American Meteorological Society 
Chicago, Ill., Wednesday, March 20, 1957 


A. STRATOSPHERIC MIXING 


The existence of winds in the stratosphere together with the long residence 
times for fine particulates revealed by the fallout studies, make it seem possible 
that worldwide mixing may occur in the stratosphere in contrast to the tropo- 
sphere. To establish or disprove this conclusion definitely and to measure 
the mixing rates would be possible with various radioactive isotopic tracers. 
The most immediately available are the bomb fallout products, in particular 
Sr90 and Cs137. This program is underway as Project Sunshine principally, 
with fallout collections being made by soil sampling and open pots at various 
places in both hemispheres as well as by means of a program of direct stratos- 
pheric sampling with air filters. From this work our present indications are 
that stratospheric mixing occurs in one or two years and that the over-all 
storage times for both Sr90 and Cs137 are both about ten years. 

These conclusions will either become firmer or else be replaced by a more 
complicated mechanism corresponding to incomplete stratospheric mixing as 
Project Sunshine proceeds into its fifth year, and we probably will not be too 
optimistic if we expect that this study will definitely establish the mixing 
rate (and possibly the pattern), the storage time, and the general applicability 
of the single residence time to all stratospheric components which are not sub- 
ject to commanding and dominating gravity fall. In other words, Sunshine 
may well teach us whether the whole concept of rapid stratospheric mixing rela- 
tive to rates of removal into the troposphere is valid and whether these re- 
moval rates are the same for gases and particulate matter too fine to fall at 
any important rate, i. e., below 1 micron. This program will be prosecuted 
because of its commanding importance for fallout and meteorologists can expect 
that the help they may get may be appreciable. 

It probably would be well to anticipate certain of these results so as to 
begin planning future experiments on this basis. For example, certain samples 
can be collected during the International Geophysical Year which would be 
important if the tentative conclusions that the stratospheric storage time is 
about ten years and the stratospheric mixing is essentially complete in two 
years, and that both apply generally to non-falling constituents, all are correct. 

There are various types of particulate substances which may originate in 
the stratosphere and which should, therefore, be constantly fed into rainfall 
by the slow stratospheric feeding mechanism, whatever it be. Among these 
is meteoric dust. The fine meteoric matter which is too small to fall by gravity, 
i. e., O.1 micron or smaller, should blow about in the stratosphere establishing 
a more or less uniform concentration and finally descend through the tropopause 
and be precipitated by rain just as in the case of radioactive fallout. It might 
be wise to take filter samples of stratospheric air to establish the concentration 
of this material and if some technique for distinguishing this dust from ordi- 
nary dust can be devised, it would be interesting to establish the concentration 
in ordinary rain. It seems likely that the amount is adequate for detection 
in view of the quantities of meteoric material found in deep sea sediments. 

Another type of material which may be descending from the stratosphere 
is the dust thrown into the stratosphere by megaton sized nuclear explosions. 
This material probably can be distinguished from meteoric dust by its chemical 
properties. For example, material from the South Pacific is mainly either 
calcium carbonate, calcium hydroxide, or sodium chloride, the various solid 
substances other than ice and, of course, the bomb materials themselves which 
are derivable from the surface material which could contribute to the fireballs. 

It has been suggested recently by Dr. Philip Abelson that the type of mechan- 
ism described by Professor Urey and Dr. Stanley Miller might generate amino 
acids in the atmosphere by the photochemical action of the ultraviolet light 
from the sun in generating free radicals which could react to form these all 
important molecules. If this be true, it may be that rain contains amino acids 
from this source. It, of course, will be difficult to distinguish these molecules 
from earth dust and the amino acids from the ordinary living material. It 
may be possible to do this by using the fact that the ordinary amino acids are 
optically active whereas the postulated stratospheric materials presumably 
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would not be and thus could be distinguished in principal, at least. Of course, 
direct stratospheric samples should reveal these materials in much less con- 
taininated form so if search in rain samples fails to reveal them stratospheric 
air samples may.. 

Natural tritium produced by the cosmic rays, or, as recently suggested by Dr. 
Arnold and Dr. Feld, possibly assimilated directly from the sun, is naturally 
produced or acquired at the highest rates in the highest layers of the stratosphere. 
The cosmic ray primary radiations interact with a mean free path of about 
1/10 of the atmosphere, so although there is appreciable probability of produc- 
tion below the tropopause, the main part of the cosmic ray interactions with the 
aid occurs in the stratosphere. Since it is extremely likely that tritium, being ‘an 
isotope of hydrogen, will burn to water, we essentially have a source of radioactive 
water in the stratosphere. The recent results from fallout suggesting that the 
stratospheric storage time for fine particulate matter is of the order of ten 
years, make it appear likely that a considerable fraction of all the natural tritium 
resides in the stratosphere, and that, in fact, it may spend a considerable part of 
its average radioactive life of 18 years there and so disintegrate there in consider- 
able degree to form He* before entering the troposphere and the earth’s water 
system. . The ratio of the moisture content of the stratosphere to that of the 
troposphere is so small that if taken together with the stratospheric storage factor 
mentioned, it leads one to expect that the tritium concentration of stratospheric 
moisture may well be as much as 100,000-fold above that for ordinary surface 
water. This ratio of the stratospheric concentration to the tropospheric concen- 
tration will, in itself, give a more or less direct measure of the storage time. 
The sampling of the stratosphere for moisture must, of course, be done with 
balloons, aircraft or rockets, and air filters which will collect the moisture. 
It is not necessary apparently to know the volume of the air which is sampled, 
so the problem is one of the simplest of the stratospheric sampling problems, 
and it seems that it should be relatively simple to do. It would be important to 
sample at various latitudes to determine whether the expected uniformity with 
respect to latitude actually exists. It also would be very valuable to have data 
versus altitude. 

Perhaps a word should be said about the short residence time of the bomb 
tritium in the stratosphere. Why is it possible that natural tritium have a resi- 
dence time of perhaps ten years in the stratosphere whereas at least a major part 
of the bomb tritium, which certainly was pushed into the stratosphere with the 
bomb cloud, was observed by Dr. Begemann and myself to spend only something 
like 40 days in the atmosphere? The reason probably is that the bomb tritium 
is contained in relatively large ice crystals. The amount of water in the fire- 
ball is so large that when the fireball is pushed into the stratophere and cooled, 
relatively large ice crystals form. The proof of this lies in the appearance of the 
cloud, for the cloud as actually seen in its white mushroom outline in the strato- 
sphere is visible mainly because of ice crystals or supercooled water droplets. 
In any case, the material which is pushed into the stratosphere is of sufficient 
mass so that gravity fall will cause it to leave the stratosphere relatively quickly. 
It is the material which does not settle by gravity that we expect has the ten 
year residence time. Probably any bomb fired in the troposphere will have enough 
moisture from the air so that it will form large enough ice crystals to cause the 
tritium to fall out relatively quickly. The stratospheric water samples need not 
amount to more than a few grams for the concentration should be high enough so 
isotopic enrichment would not be required. I am sure that Dr. Begemann would 
he pleased to measure these samples if anyone can obtain them. We will make 
efforts on our own part, but it is our hope that flights being made for other 
purposes can be used to obtain these moisture samples. 


B. TROPOSPHERIC MIXING 


In contrast to the stratosphere, the tropospheric residence times for particulate 
matter seem to be relatively short. Work with radon decay products done by 
Haxel in Germany and by Blifford and Damen and other people in this country, 
all agree that whatever the fate of the non-volatile radioactive decay products 
of the four day half-life radioactive noble gas radon emitted by uranium, the 
materials stay in the atmosphere only a fwe days before being precipitated out, 
probably mainly with water droplets.’ This is the same story as for the fallout 
particles. All the evidence known apparently indicates that there is some type 
of mechanism by which troposheric air:is periodically cleansed in a matter of a 
few days, or at most a month or so. 
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It has been known for a long time that the rain and snow are good scavengers 
for atmospheric contaminants, and the clearing of the atmosphere following 
precipitation is recognized by everyone as a fact. It is less well known that 
this holds true even for the finest material. The new evidence for this is that 
the fine material which resides in the stratosphere for periods of years is, in fact, 
carried down by water droplets when it enters the troposphere in a relatively 
short time. ‘This agrees with the radon decay products evidence for it was 
shown by Werkman and his coworkers. that the particles which collect the radon 
decay products are in general microscopic, probably of the order of a few hundred 
angstroms in diameter. What can this mechanism be? 

It is very well known that a falling raindrop can hardly pick up any particle 
so small that its inertia will not prevent its flowing around the raindrop as the 
air molecules do. Therefore, it has been something of a mystery as to how the 
fine particulate matter which carries the world-wide fallout in the stratosphere 
could be precipitated in the form of rain, as was shown rather conclusively 
to be the case by the fact that fallout is observed to be minimal in desert regions 
(though it is by no means proportional to total rainfall in other areas). The 
answer seems to have been given by Dr. Stanley Greenfield, who pointed out 
that the Brownian motion, that is, the violent random motion due to collisions 
with the air colecules, gives these tiny particles a considerable probability of 
colliding with the droplets in clouds. Therefore, he suggests that any cloud, 
mist or dew is an excellent medium for scavenging fine particulate matter and 
placing it, of course, in the rain which is formed subsequently from clouds. 
From this theory, which seems to be so explanatory of much of the information 
on moisture scavenging of fine particulate matter, we would expect that the 
efficiency with which fine particles entering the troposphere from the strat- 
osphere are carried down will depend not so much on the total rainfall or total 
moisture precipitated as on the average lifetime of a particle as determined by 
the probability of its colliding with a smaller water droplet in a cloud, mist or fog. 
In other words, a foggy climate, or one given to morning dews, or one with 
frequent light rains, may well be more effective in this precipitation mechanism 
than one with infrequent heavy rains. The fallout evidence seems to agree with 
this, but further work with the Greenfield theory in mind ought to establish 
the matter clearly. 

Of considerable more importance for meteorology, it seems likely that nuclea- 
tion nuclei will in themselves have the same fate that these fine particles we 
speak of suffer, and that the fallout pattern should be the pattern for the cleans- 
ing of the air of stratospheric nucleation nuclei which are so important in the 
formation of ice crystals. The study of this problem of the history of fine 
particulate matter in the troposphere ought to be of real value to meteorology. 

Thus, we have a model for the complete removal of particulate matter from 
the troposphere by water drops since the mixing up to the tropopause seems to 
occur in a matter of weeks, and this residence time for the particulate matter 
appears to be about the same as the residence time for the average water molecule 
in the troposphere. It appears that the air in the bottom rain-bearing layer of 
the troposphere is cleared in about 1 week while the troposphere as a whole 
requires 3 weeks or a month on the average. ' 

Of course, these results are incomplete and it is necessary that many of the 
features be tested by further experimentation. For example, we should find 
whether it is really true that the air in a cloud is clear of fallout, and that the 
air in a fog is free of condensing nuclei and of virus molecules and all other 
forms of particulate matter which are fine enough for the Greenfield mechanism 
to operate. Some of these experiments could well be conducted in the course 
of the International Geophysical Year. 

In contrast to the stratosphere, it seems that the short residence time in the 
troposphere makes latitudinal mixing essentially impossible. Thus, we find that 
fallout which never reaches the stratosphere or which falls out of the stratosphere 
quickly does not spread itself across the equator latitudinally. Most of the fall- 
out from the testing in the Northern Hemisphere being tropospheric in character 
has occurred in the same general ranges of latitudes as the test sites occupy, 
and to a rough approximation it is true that all of the fallout in the Southern 
Hemisphere is due to stratospheric material disseminated by the stratospheric 
mixing mechanism. Therefore, it should consist of radioactivities which are 
necessarily old and, therefore, should not contain short-lived radioactive fission 
products because of the long stratospheric residence time. This point needs ex- 
perimental testing. It is not a difficult measurement and the results should be 
available soon. 
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Tnsofar as these conclusions and predictions are borne out by further obser. 
vation, we can expect that particulate contamination of the tropospheric air by 
industrial sources and others will restrict itself largely to the general region of 
the heavily populated areas in the Northern Hemisphere, and that any effects 
of such sources of particulate matter on the local weather should*not pass them- 
selves across the equator. It would be extremely interesting. to observe whether 
the density of nucleation nuclei for ice crystal formation is appreciably lower in 
the Southern Hemisphere, as it might be according to the above notions, 


C. MIXING OF THE STRATOSPHERE WITH THE TROPOSPHERE 


The mechanism by which stratospheric material eventually finds its way into 
the troposphere can be elucidated in part by the use of isotopes. For example, 
if the stratospheric residence time for fine particulate matter and gaseous ma- 
terials should prove to be identical there would be no doubt any longer that the 
mixing is one of air masses rather than the falling out of particles or the removal 
of fine material by some other mechanism. We might for a moment consider 
a specific mechanism for the removal of matter from the stratosphere into the 
troposphere and vice versa—a mechanism which consists of a mixing caused 
by or associated with the seasonal change in the height of the tropopause. This 
rise and fall of the dividing layer between the troposphere and stratosphere will 
constitute a type of pumping action. ‘The shifting of the boundary occurs periodi- 
cally and while the tropopause is near its higher levels, the characteristic rapid 
mixing of the troposphere takes the air which was formerly in the lower layers 
of the stratosphere and mixes with what was formerly in the troposphere; and 
during the subsequent time when the tropopause is at its lowest level, tropo- 
spheric air will be mixed similarly with the stratosphere. Now if the oscillation 
is assumed to occur annually and perhaps one-tenth or one-twentieth of the 
atmosphere lies between the two extreme locations of the tropopause, it would 
appear that ten to twenty years would be the expected average time for mixing. 
This is So reasonable in terms of fallout observation that it may just be that this 
relatively simple mechanism is the correct one. It was first mentioned to me 
by Professor James Arnold of Princeton University, but I am sure that meteorol- 
ogists have thought about it for a long time. This model would predict that the 
mixing does not occur at exactly the same rate at all points on the earth’s surface 
and the longer residence time in the stratosphere and the magnitude of the 
stratopheric winds would have to be depended upon to accomplish the latitudinal 
mixing. 

Assuming this mechanism, one could say that the noble gases would establish 
a steady concentration in the atmosphere which in the case of radioactive ma- 
terials would be determined by their radioactive half-life and the mixing time, 
since rain and water cannot scavenge and precipitate them. There is evidence 
for this already in the case of radon. The ratio of the abundance in the strato- 
sphere to the abundance in the troposphere of the radioactive noble gas radon 
which has its origin at the earth’s surface is known to be essentially zero. By 
the time the radon can be transported into the stratosphere there is litle if any 
left because of the four-day half-life for the radioactive decay. Air filters in 
the stratosphere show little radon decay products. This fact shows that the 
general model has some applicability to gases. 

Gases generated in the stratosphere such as molecular hydrogen containing 
tritium should establish a concentration ratio between the stratosphere and 
troposphere which would be determined again by the stratospheric residence 
time and the radioactive half-life. If, for example, we assume that tritium 
is generated only in the stratosphere and that the molecular hydrogen has a 
negligible rate of combustion to water after being formed (an experimental fact 
in the laboratory unless a spark occurs) ; one calculates. that the ratio of the 
tritium concentration in the form of molecular hydrogen in tropospheric air 
to that in the stratosphere should be slightly less than one-half, the half-life 
for the radiotactive decay of tritium being 12.26 years. This calculation also 
assumes that the escape of molecular hydrogen from the atmosphere into inter- 
planetary space occurs at a rate which is negligible compared to the rates of 
combustion and the rates of mixing with the tropospheric air. 

A check can be made on the assumption that the rate of combustion of 
molecular hydrogen in the stratosphere is small compared to the rate of mixing 
with the tropesphere by observing the ratio of the concentration of molecular 
hydrogen in the stratospheric air to that in the troposphere. This is so because 
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it is probably a valid assumption that molecular hydrogen is generated solely in 
the stratosphere by the action on water vapor of the ultraviolet radiations 
from the sun. If the combustion lifetime is long compared to the general strato- 
spheric residence time for stratospheric matter, the compositions in the two 
layers will be the same. This observation would be important to make. It 
would require the collection of considerable amounts of stratospheric air in 
order that the hydrogen content could be determined. Similar analyses have 
been made on the noble gas content of air as a function of altitude. 


D. SUMMARY 


In conclusion, it seems likely that isotopes can contribute appreciably to 
meteorology both in the new techniques and data they can furnish as well as 
in interesting students of other disciplines in the problems of meteorology. 
Meteorology is such a broad subject that the possibilities for applications of 
specialized techniques and knowledge are large, ranging all the way from 
biology to pure astrophysics. 

Isotopes have been observed many times to have a catalytic effect in encour- 
aging the mixing of disciplines in science. Physicists and chemists have inter- 
mingled for years in the pursuit of nuclear science and the long history of 
biology is remarkable for the important contributions made by men from other 
disciplines. If isotopes can help catalyze this intermingling, this service alone 
will in itself constitute a considerable contribution to meteorology. 

We have made only brief references this evening to the cosmic ray radioactivi- 
ties. The reason is that these have been discussed previously in considerable 
detail by others, but we should not leave the subject without referring to the 
fact that in addition to radiocarbon and tritium, two beryllium isotopes and 
a chlorine, a sulfur, and two phosphorous isotopes all have been reported to be 
produced by the cosmic rays as they bombard the atmosphere. These give addi- 
tional opportunities for meteorological observation similar in kind to those 
discussed in some detail tonight. 

There are many other potential applications of isotopes. The possibilities of 
artificial labeling of air masses by the use of radioactive isotopes are important, 
and the maximum information has not yet been obtained from fallout material. 
So many other possibilities exist that meteorologists should earnestly consider 
the applications of nuclear techniques to their field. In many instances they 
will find the Atomic Energy Commission very interested in the research. 


Remarks prepared by Dr. Willard F. Libby, Commissioner, United States Atomic 
Energy Commission, for delivery before the University of New Hampshire 
Distinguished Lecture Series, Durham, N. H., April 11, 1957 


RADIOACTIVE FALLOUT FROM NUCLEAR TESTS 


FALLOUT FROM TESTS 


There is a great deal we do not know about the precise effect of radiation 
on the human body, but we do know that the effect of radioactive fallout from 
nuclear tests is not, nor is it likely ever to be, the danger to the human race 
in this generation or in later generations which many people have been led to 
believe. 

Long before nuclear weapons were even thought of, in fact, ever since people 
have lived on this planet, they have been subject to radiation from cosmic 
rays and from the radioactive material in the crust of the earth. In recent 
years has been added radiation from the use of X-rays, from luminous devices, 
ete. 

Let us compare radiation from test fallout with radiation from some of the 
other sources which have been with us through all times so that we may better 
evaluate fallout as an element of danger. Cosmic rays, which come from outer 
space, have their radiation effect progressively diluted as they pass through 
the atmosphere surrounding the earth. Thus, the person living in Denver, 
Colorado, at an altitude of about 5,000 feet receives a dosage of cosmic rays 
approaching double that of a person who lives at sea level. 

At the present time, the radiation dosage to bone from the most worrysome 
part of radioactive fallout, which is Strontium-980, is about the same as what 
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the Denver resident would receive as additional radiation from cosmic rays 
if he moved from Denver proper about 200 feet up on the mountainside, or 
to the resident at sea level if he moved from the beach to the top of a hill 300 
feet high. 

More exactly, and using the measure commonly used for radiation exposure, 
the roentgen, which is an amount equal in the chest to six to 10 chest X-rays— 
at sea level in our latitudes we receive 37 thousandths of one roentgen each 
year from cosmic rays, while people living at Denver, Colorado, at an altitude 
of 5,000 feet receive 60 thousandths of a roentgen annually. Now, in order to 
compare fallout we must put all items in the same terms, 


FALLOUT AND RADIOACTIVE STRONTIUM 


At the present time, the radiation effect on human bones from radioactive 
strontium, the most worrisome part of radioactive fallout, is about 1.5 thou- 
sandths of a roentgen annually—about one-fifteenth of the difference between 
the cosmic ray dosages at sea level, and at 5,000 feet elevation, or equal to 
the extra cosmic rays at the extra height of about three hundred feet. 

Radioactive strontium does not occur naturally but is produced by nuclear 
reactions. It also has a natural tendency to stay in our bones and thus to 
irradiate them. How much does it amount to? As just stated, the most recent 
data show that children in the United States have about 1.5 thousandths of a 
roentgen annually of extra bone exposure from the radiation from radioactive 
strontium. Adults have much less because their bones grow more slowly. 
This country has somewhat higher rates than elsewhere because of our tests 
in Nevada. 

The effects of irradiation of bone are bone tumor and leukemia, How much 
hazard does the bomb test radioactive strontium constitute? This is a difficult 
question to answer with complete certainty for the amounts which cause these 
effects are not well known, but we do know that the dosage is much less than 
the extra cosmic ray dosage at 5,000 feet altitude as compared to sea level. We 
have examined the vital statistics on these dread illnesses to see whether there 
is a higher rate for populations living at 5,000 feet than for those living at sea 
level in order to get from these data some direct notion about the magnitude 
of the effect. There is no evidence of any observable effect of the extra radia- 
tion in these numbers. The average annual incidence of bone cancer at both 
levels was about 2.8 per 100,000 people in 1947, and for leukemia, the average 
was about 7% The actual numbers were: 


Occurrence of bone cancer and leukemia 


{New cases per year per 100,000 population] 





Bone cancer | Leukemia 
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Figures obtained from National Institutes of Health, Department of Health, Education, and Welfare, 


Since excessive doses of radioactive strontium are known with certainty to 
cause both bone cancer and leukemia in animals, we must not deprecate or 
casually dismiss the possible results of a widespread, but low intensity, effect 
in causing these disabilities. However, by using normal experience insofar as it 
is applicable, we can orient ourselves with respect to this new factor in our 
environment—much as we do for other results of our modern way of life. We 
cannot see any effect of a radiation dosage fifteen times the present test fallout 
dosage in large populations, but the number of cases of bone cancer and leukemia 
each year, even in the large cities, is small so our data may not be too significant. 
However, these figures do point to a definite tangible evidence of a margin of 
safety. 

Perhaps more pertinent, though less direct, is the result of animal experimen- 
tation and the rare human experience on the effects of radiation in causing bone 
tumors and leukemia. The official tolerance limit for people working in atomic 
energy plants and with radioactivity professionally is 2,000 times the present 

bone content for children in the United States, and about 10,000 times that in 
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adults. However, it has been recommended by high scientific authorities that 
the tolerable amounts of radioactive strontium for the population in general 
should be only one-tenth of those acceptable for workers who of course expose 
themselves voluntarily. On this basis the present level in children is 1/200 
and, in adults, about 1/1000 of this maximum permissible concentration for large 
groups of people. Perhaps a word of explanation of these tolerance or maximum 
permissible concentration limits would be helpful. When scientists speak of 
“risk” or “hazard,” they do not use the words in the same sense that most laymen 
regard them. Scientists try to be precise; they measure such things almost to 
the limits of the finite; therefore, “risk” means possible effects far beyond the 
range of the probable or detectable. The maximum permissible limits do not 
mean that above those limits one encounters trouble—but rather that perhaps 
only a ten-fold larger concentration would give effects which would be definitely 
detectable. 
WHAT ABOUT THE FALLOUT STILL IN THE STRATOSPHERE? 


Tf all the radioactive fallout which still is airborne should come down sud- 
denly, there would be about one-third more total radioactive strontium on the 
ground than we now have here in the United States. It falls so slowly, however, 
that there is expected to be relatively little increase over the present amount 
deposited—the extra fallout just about compensating for the naural radioactive 
decay of the radiostrontium already deposited. (The radioactive decay occurs 
at the rate of 50 percent every 28 years.) The ground level will remain about 
constant for the next ten years and then drop off at the rate of about 2.5 percent 
per year due to radioactive decay uncompensated by further fallout from the 
upper atmosphere. Therefore, in the United States the present level is about 
as much as we shall ever have from tests already fired. 


WHAT ABOUT POSSIBLE GENETIC EFFECTS? 


Radiostrontium is not the only fallout product of nuclear bombs. In fact, 
there are dozens of others but, for one reason or another, these fail to accumulate 
inside the body as radiostrontium does. However, certain of these other fallout 
materials do emit penetrating radiation which can irradiate the body from the 
outside and thus possibly can have effects on the health and can produce genetic 
mutations. In fact, for early fresh fallout close to the site of a nuclear explosion, 
this radiation of the body from the outside is the principal hazard, and it is only 
later on that radiostrontium becomes important. -There is one short-lived form 
of radioactive iodine which is assimilated into the thyroid gland so it is not 
quite correct to say that no internal irradiation occurs from early fallout, but 
the external radiation certainly is the main hazard with which the United 
States Government is concerned in planning protection against enemy nuclear 
bombs. Later on and far away from the test site, months and years afterwards, 
there still is some external radiation which does amount to a detectable total 
and it is this radiation which raises questions. 

We are continually being bombarded by radiations not only from the cosmic 
rays from outer space—the cosmic rays mentioned above—but from the earth 
and even from our own bodies. Following our previous tactic of comparing 
these new fallout effects with normal experience insofar as it is justified, we 
now compare these external radiation exposures with those normally encoun- 
tered. The external radiation doses from test fallout have averaged between 
1 and 5 thousandths of one roentgen per year during the last three or four 
years. Now, this is to be compared with a normal dosage from ourselves and 
our environment of 150 thousandths of a roentgen per year. ‘Therefore, we 
conclude that the radiation dose from test fallout is relatively very small, but 
the question remains: “Small as it is, does it have genetic and health effects?” 

The direct experience which we have had on health effects is reassuring. We 
do not see that the much larger doSages received by people living in the higher 
altitudes or in localities which are particularly radioactive have had noticeably 
bad effects—the effects expected are cancer and shortening of life. However, it 
may be that small effects do occur which because of their smallness are difficult 
to see. The only definite thing we can be certain of is that test fallout is very 
small as compared to natural dosages and, therefore, we know that the effects 
must not be very far outside of normal experience. One environment can differ 
from another in natural radiation intensity by much more than the total fallout. 
For example, a brick or concrete house can easily have enough natural radio- 
active material in the walls to give up to 40 thousandths of a roentgen per : 
year more exposure than a wooden house—this is between 8 and 40 times the 
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annual dosage from test fallout. The genetic effects are much more difficult to 
consider since they will show up only in later generations and, most importantly, 
only when both parents have been affected either directly or through affected 
parents. But by study of animals and plants we know that radiation does pro- 
duce genetic changes—we even irradiate plant seeds in order to speed up the 
rate at which new forms appear so superior new plants can be produced by 
selection of the few desirable ones and cultivating them in the way Luther 
Burbank developed so many useful new plants using just those naturally occur- 
ring forms. However, most of the forms from the irradiated seeds have inferior 
properties and it is only a rare one that is a definite improvement on the original 
plant. Similar results are found with animals so we guess that human beings 
probably are subject to same type of effects. Therefore, we believe that there 
must be some genetic effects of test fallout radiation but, again, from our normal 
experience in which no effects of high altitudes versus low, or brick versus wooden 
houses, ete., have been observed, we know that the effect must be very small. 
The laboratory experiments on plants and animals agree with this, but do insist 
that there must be some very small effect, although it will be entirely undetect- 
able from test fallout. 
WHAT ABOUT FUTURE TESTS? 


Continued testing at the same rate and in the same way as during the last five 
years will not increase the hazard on a straight additive basis since an equilib- 
rium will be established between additions of radioactivity and radioactive decay. 
For Strontium—90, the maximum factor of increase possible is eight-fold and 
the external radiation exposure outside the immediate test area would behave 
similarly. In 1980 it would be four times the present and, in 2011, about six 
times, and so on until after a very long time it would approach the factor of eight. 

The cause for real concern is not the deleterious effect of radiation resulting 
from weapons tests, but rather what would be the effect of the infinitely greater 
amount of radiation which would result from the massive use of nuclear weapons 
in warfare. Here we would be dealing with excessive radiation, not to all 
the people of the world as has been suggested, but quite probably to large num- 
bers of people residing in areas of substantial contamination. With regard to 
the people so overexposed, there would be serious increases in the pathological 
effect of excess radiation, such as cancer and leukemia. There would, also, be 
the genetic effect which would manifest itself in the children and the children’s 
children of such people. 

In nature, there are mutations in plants, in animals, in human beings. Some 
mutations show superior characteristics and these make it possible for us to 
develop superior strains, but unfortunately most mutations are harmful rather 
than beneficial. For this reason and because their effect is not limited to one 
generation, the genetic effects of excessive radiation may be more important 
than the pathological effects. 

Tf radiation—from weapons test fallout, from natural sources, from the normal 
use of X-rays—is all measured in quantities so minute as to have very small 
effects on either present or future generations, we should concentrate our con- 
cern on what would happen if the world should engage in a nuclear war, for 
therein lies the real danger to mankind. 

It is not contended that there is no risk, however minute. But all life, and 
every minute of our day and night, is measured in terms of risk—40,000 highway 
deaths each year in this country, accidents in the home, ete. We make our 
choice: How much risk are we willing to take as payment for our pleasures 
(swimming at the seashore, for example), our comfort or our material progress? 
Here our choice seems much clearer. Are we willing to take this very small 
and rigidly controlled risk, or would we prefer to run the risk of annihilation 
which might result if we surrendered the weapons which are so essential to 
our freedom and our actual survival. 


RADIOACTIVE FALLOUT 


Remarks prepared by Dr. Willard F. Libby, Commissioner, United States Atomic 
Energy Commission, for delivery before the spring meeting of the American 
Physical Society, Washington, D. C., April 26, 1957 


I. INTRODUCTION 


The radioactivity produced by the fission reaction changes its characteristics 
continuously and rapidly following the explosion of an atomic weapon and the 
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conditions of firing are of extreme importance in determining the rate at which 
the radioactivity descends to earth. As a result there are in general three dif- 
ferent kinds of radioactive fallout, the relative importance of which is determined 
by the nature of the weapon, principally its yield, and the conditions of firing. 
These three types are: First, the local fallout, which is insignificant unless the 
fireball touches or comes close to the ground, but which in case the fireball does 
touch the ground can amount to a major fraction, in some instances as much as 
80 percent of the total debris. This type of fallout consists of radioactivity which 
is carried down by the larger particles. It consists largely of matter drawn up 
into the fireball from the surface which is either totally or partially vaporized. 
Under these conditions so much matter is vaporized by virtue of the fireball’s 
touching the ground that the particle sizes formed in the freshly cooled vapor 
are large. 

The second and third types of radioactive fallout are world-wide in nature 
and consist of finer material and are divided according to whether the material 
happens to lie in the lower part of the atmosphere, the troposphere, where rain 
and weather phenomena occur, or the higher part of the atmosphere, the strato- 
sphere, which is free of such precipitating mechanisms. The tropospheric fallout 
occurs in a matter of two or three weeks or a month or so. It oecurs largely as 
a result of rain and snow, and water precipitation in general, and falls in the 
general latitude of the test site. The stratospheric fallout, in contrast, takes 
years. We are not completely certain, but it appears that an average time of 
something like ten years, or perhaps somewhat less, is a reasonable figure, and 
during this time the distribution becomes nearly world-wide. When the strato- 
spheric fallout manages finally to pass into the troposphere it is quickly removed 
by the same type of mechanism that brings down the world-wide tropospheric 
fallout, namely rain and moisture. 

The precipitating mechanisms consist in general of the collision of the tiny 
particles with moisture droplets in clouds, together with the interception of 
particles by falling raindrops. The first mechanism was recently suggested by 
Dr. Greenfield in connection with Sunshine problems—the study of world-wide 
fallout is called Project Sunshine. In addition to the scavenging action of rains 
and fogs, there is definite evidence for a considerable probability of pick-up on 
direct contact of air with surfaces such as the leaves of grass and trees. Fre- 
quently, grasses are found to have higher strontium-90 content than would cor- 
respond to the soils in which they grow, and this is due undoubtedly to direct 
pick-up. 

The dissemination of strontium-90 and all fallout is greatly dependent upon 
the firing conditions. There is every evidence that important factors include 
not only contact of the fireball with the surface, but the nature of the surface, 
whether it be land or water and the type of soil and the composition of the water, 
whether fresh or sea water. Also, the height to which the fireball rises is impor- 
tant, in particular the height relative to the tropopause, the dividing layer 
between the troposphere and the stratosphere. Yield is the main consideration 
here. A rough rule is that megaton weapons push through the tropopause into 
the stratosphere, and kiloton weapons stay below the tropopause in the 
troposphere. . 

Thus, we see immediately that kiloton weapons deposit their fission products 
much more quickly than do megaton weapons. Of course this is of less impor- 
tance in so far as the long-lived fission products, such as strontium-90 and 
cesium-137, are concerned, but it is of more importance for the shorter-lived 
fission products. As a general rule, an air-fired kiloton weapon will deposit its 
radioactive fallout in a period of between two weeks and one month on the 
average after the detonation, whereas an air-fired megaton weapon will deposit 
its radioactive fallout over many years—on the average about ten years. Thus, 
the effects which are due to the short-lived fission products are larger for a 
given amount of fission energy release in kiloton weapons than they are for air- 
fired megaton weapons. Considering the average age of the kiloton fission prod- 
ucts to be 1 month, the external gamma ray exposure from one megaton of 
fission fired as say 50 bombs of 20 kilotons each would be 30 times that for a 
single bomb giving one megaton of fission energy—if both were fired well up 
in the air. The fission products from the small bombs fired in Nevada would 
fall in the latitudes 10°N to 60°N in about one month, while the larger bomb 
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would give fallout over essentially the whole earth in about 10 years, For 
strontium—90 effects there is relatively little difference per unit fission yield since 
even to the residence time in the stratosphere is small compared to the 28 year 
half-life of radioactive strontium and the 27 year half-life of radioactive cesium, 
which is produced at slightly higher yield than strontium-90, and which appears 
to be disseminated in about the same way. 

The content of radiostrontium and radiocesium in the stratosphere is by 
direct measurement shown to be roughly the same though the radiocesium is 
somewhat higher possibly due to the slightly higher fission yield. The content 
of radiocesium in rainwater is comparable to that of strontium-90. Also, the 
content of radiocesium in the human body as measured by Marinelli at Argonne 
and Anderson and Langham at Los Alamos agrees well with the fact that it has 
an average residence time in the human body of about five months as com- 
pared to many years for strontium-90. The radiocesium data are very inter- 
esting because of their bearing on the fallout dissemination mechanism and the 
confidence with which we can establish the probable future behavior of radio- 
active strontium. The data confirm previous suggestions as to the dissemina- 
tion mechanism, that is, we find that radiocesium fallout except of the local 
variety is carried down very largely in the form of moisture droplets and that 
there is some direct pick-up by leaves and grass on surfaces. It is captured and 
held tightly by the top two inches of most soils, so the water which falls and runs 
off in the form of rivers is clean by the time it has drained a short distance 
through soil. All of this is very similar to the radiostrontium behavior. 

The plants pick the strontium-90, and radiocesium to a lesser extent, out 
of the soil and also off of their leaves and take it into their systems. There 
appears to be a discrimination mechanism which operates in most plants so 
that the strontium-90 content of the plant is considerably less relative to its 
calicum content than in the case of the soil. On the average, the discrimina- 
tion factor between the top soil and plants against strontium relative to calcium 
seems to be about 1.4. When the cows eat grass they further discriminate by 
about a factor of 7 in making milk so there is an overall protection factor for 
strontium—90 from the top soil to milk of about 147 or 10. Also, there is a 
further discrimination factor against strontium relative to calcium in the human 
body. This factor is not known too well, but is known definitely to be at least 
as large as 2 and is thought possibly to be as high as 8. Researches are now 
in progress to settle this. Therefore, there is a series of protective factors which 
makes the concentration of radiostrontium derived from milk relative to cal- 
cium in human bone not over 1/20 and possibly as little as 1/80 of that in the 
top soil. Of course, it should be pointed out that there is a considerable part 
of the fallout which is picked up directly on the leaves and to this the factor 
of 1.4 does not apply, so for this fraction of the fallout the protective factor 
may be reduced to 14. Since milk is the source of most of our calcium, this 
means that the actual ratio of radiostrontium concentration in new human bones 
relative to that in the top soil should approach these numbers. 

It must be realized that though only a small part of the calicum is derived 
from vegetables and meat, a similar calculation must be made for this portion 
and the total average ratio obtained. It seems that the meat-vegetable overall 
discrimination factor is about 10 so if 20 percent of the calcium is derived from 
such sources on the average the average overall factor will be between 1/13 and 
1/30. The experimental data on new human bone in children appear to give a 
smaller figure, 1/60, as mentioned later. 

A matter of importance in connection with the amount of strontium—90 which 
one would expect to be deposited in human bone as a result of atomic weapon 
detonation is the calcium concentration in the top soil. Since calcium is so 
similar to strontium, it seems very likely, and the evidence confirms this, that 
high available calcium content of the soil will reduce the probability of stron- 
tium—-90 being taken up into the plants. Of course this probably does not have 
nearly as great an effect on the uptake of the material which is picked up directly 
on the leaves.. We might expect therefore that soils which are particularly low 
in calicum might show higher strontium—90 contents for the grasses grown on 
them. This is, in fact, so, and sheep and goats and cattle feeding on such pas- 
ture display a higher strontium-90 bone content. 

How such calcium deficiencies in the soil should affect the strontium-90 uptake 
by the human population is a most important question. One sees immediately 
that food distritution systems are such that the food supply is derived from large 
areas, and that there is consequently a sharp reduction in the sensitivity of the 
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human population to calcium deficiencies in local soils. This is brought out 
particularly well by the data on the radium contents of human bones and their 
‘obvious lack of strong dependence on the radium contents of local waters. But 
for people who consistently drink milk from cows grazing on such ground there 
should be a definite effect on the amount of radio-strontium uptake and the effect 
should be proportional to the radiostrontium content of the milk. So the ques- 
tion resolves itself largely into “What are the strontium-90 contents of the foods 
people in such regions actually consume?” We find on inspection of the food eat- 
ting habits and calculation of the strontium-90 intake relative to calcium, that the 
increase in average strontium-90 concentration of the food due to the low calcium 
content of the particular soils can hardly be more than five-fold for a soil-calcium 
deficiency of 50-fold. That is, whereas normal soil carried about 20 grams of 
available calcium in the top 2.5 inches, a region with soil of only .4 grams per 
square foot would produce a human body burden equilibrium of about five times 
that which the normal soil would produce. 

In order to understand the hazard of radiostrontium, which is generally agreed 
to be the most Lazardous of the long-lived fission products, we try to establish the 
maximum permissible concentration both for occupational workers and for the 
population in general. These numbers have been set at 1 microcurie and .1 micro- 
curie for the standard man, respectively. That is, an occupational worker may 
carry 1 microcurie of strontium-90 in his body, whereas the general public should 
not have over .1 of a microcurie of strontium-90 in the average standard adult. 
This last figure corresponds to a concentration of 100 micromicrocuries per gram 
of body calcium or what we call 100 Sunshine Units, that is, 1 micromicrocurie of 
strontium-90 per gram of body calcium is defined as 1 Sunshine Unit. 

Now, we must try to see in some other way how our normal experiences can be 
brought to bear on the question: “How dangerous is atomic weapons testing from 
the pont of view of radioactive fallout?” At the present time we have in our 
bodies about .1 or .2 of a Sunshine Unit and children have about one-half of a 
Sunshine Unit. In afew minutes I will speak about the question of the variation 
from these average values, but assuming at the moment that these are the values, 
what is the threat or the hazard from these quantities? Obviously, they are 
much smaller than the 100 Sunshine Unit tolerance figure mentioned above. To 
cbtain a comparison with normal experience, let us consider the fact that we know 
in a general way the magnitude of the radiation levels to which we are normally 
subjected by the cosmic rays, potassium in our own bodies, and the uranium, 
thorium and potassium in the ground and in our surroundings. We know these 
qantities amount to something like 150 milliroentgens per year for an average 
person in this latitude. But we also know that there are considerable variations 
with conditions. 

For example, a person living in a brick house may very well get 25 to 50 milli- 
roentgens per year more than one living in a wooden house, because of the natural 
radioactivity of the bricks. It is also very well known that whereas at sea level 
in this latitude the cosmic ray dosage is 37 milliroentgens per year, at 5,000 feet 
altitude as in Denver, Colorado, the dosage from cosmic rays is 60 milliroentgens 
per year, or a difference of 23 milliroentgens per year. What is this in terms of 
strontium-90 body burden? 

First, we must consider what part of the natural radiation, if any, is similar to 
the radiation of strontium-90 in biological effect so we can say without doubt and 
hesitancy that the physiological effects, whatever they are, will be the same for 
the same energy absorbed. Fortunately, the cosmic rays seem to fit this bill. 
In other words, we are at liberty to compare the cosmic ray radiation dosages 
with the dosages from radiostrontium in our bone structure. The reason this is 
permissible is that the ionization density along the tracks of the mu-mesons which 
are the principal cosmic ray components at sea level and at altitudes of 5,000 feet 
are nearly the same as those of the yttrium-90 beta rays, the principal radiation 
which radiostrontium emits; that is, radiostrontium has a radioactive daughter, 
yttrium-90, which emits a very energetic beta ray and the ionization density along 
the track of this radiation is very similar to that of the mu-mesons of the cosmic 
rays and their disintegration electrons, and it is generally accepted by health 
physicists and radiobiologists that radiations of the same ionization density have 
very similar, if not identical biological effects for the same energy absorbed. The 
high energy of the yttrium-90 gives it an average distance of penetration in tissue 
of 2 millimeters so any effect of local non-uniformity of deposition of strontium- 
90 in the bone is removed. The cosmic ray exposure is, of course, uniform 


throughout the Lone structure. Therefore, we can equate cosmic ray dosage | 
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with strontium-90 dosage and thus it is possible for us to say that the difference 
between one altitude and another is equal in effect, other effects being equal, to a 
certain number of Sunshine Units in bone. Now to follow this thought through, 
1 Sunshine Unit is equal to 8 milliroentgens per year. Therefore, the difference 
in annual cosmic ray radiation dosage between Washington, D. C., or any place 
at sea level in this latitude, and Denver, Colorado, is equal to 8 Sunshine Units, 
that is, 16 times the present body burden of equilibrium bone or bone near equi- 
librium as we see it in young children who are growing now. 

Therefore, we must examine whether anything in our experience indicates that 
these differences are significant in terms of the occurrence of the principal effects 
expected of radiostrontium, namely leukemia and bone cancer. Now of course 
when one looks for such vital statistics, one finds that they are very hard to 
acquire. However, the National Institutes of Health and the Department of 
Health, Education and Welfare, have given us statistics for the occurrence of 
leukemia and bone cancer for the year 1947 for the three cities, New Orleans, 
San Francisco and Denver. They are shown in Table I, 


TABLE I.—Occurrence of bone cancer and leukemia 


[New cases per year per 100,000 population] 





Bone cancer | Leukemia 
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It is clear from this table there is no obvious effect of altitude, and it is 
also clear that there are other factors which are noticeably more important than 
cosmic ray dosage. Of course there may still be a considerable effect of altitude 
hidden in large fluctuations caused by other factors, which presumably are 
largely unknown and we cannot say that this proves anything. It does, however, 
give us Some assurance from normal experience that the effect of eight Sunshine 
Units will not cause a detectable increase in bone cancer or leukemia. 

This fits well with the laboratory data on animals and the limited experience 
on humans with radium. That is, 1 microcurie being 1,000 Sunshine Units, is 
still considered to be pretty safe on the basis of the laboratory data. It is set 
as a tolerance for occupational workers and it is therefore reasonable that eight 
Sunshine Units should give an effect so small as to be very, very difficult to 
detect. It is, I think, helpful for us, however, to realize that the present body 
burden of strontium—90 in new bone from the weapons tests that have occurred 
in the past is equal to the increase in cosmic ray intensity that goes with an 
increase of some 400 feet in altitude, a very small fraction of the difference in 
cosmic radiation intensity between Denver and sea level. Therefore, at the same 
time that we consider the possible effects of strontium—90 from such concentra- 
tions, we may deduce from our everyday ordinary experience limits on the 
effects to be expected. None of the evidence on the occurrence of bone cancer or 
leukemia as a function of altitude has given us any reason to believe that 
the present tolerance limits are in any way in error, The present body burdens 
in new bones are small compared to these limits. 

‘Separate from the strontium—90 effects are the effects of general gamma radia- 
tion, the radiation that is received mainly from outside the human body, and 
which comes mainly from the very young fission products in the local fallout 
area, but which can come in smallest part from radiocesium accumulating on the 
ground in the. case of the stratospheric fallout, or more importantly, from the 
shorter-lived fission products deposited by the tropospheric fallout. Of course, 
weapons tests are so conducted as to avoid exposures to local fallout, so our 
present discussion of the effects of weapons will be restricted to the much 
smaller gamma ray doses from the offsite tropospheric and stratospherice types 
of fallout. In time of war, of course, it would be the local fallout which would 
be of more direct concern, next to blast and thermal effects, and it is to this 
aspect of fallout which FCDA addresses itself in the main. In regard to nuclear 
tests, we have to study the effects on human genetics and the possible effects of 
‘such doses of radiation on health. Let us again apply the criterion of normal 
human experience to this. Measurements have shown that the general average 
intensity of fallout gamma rays from tests is 1 to 5 milliroentgens per year. Now 
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the general magnitude of the effects to be expected from this can be compared 
with the natural radiation intensity. We find, as mentioned earlier, that such 
things as living in a brick house, instead of a wooden house can amount to as 
much as 25 to 50 milliroentgens extra dosage per year, that there are certain areas 
in the world where the average dose in this country of 150 milliroentgens per 
year is exceeded by ten-fold, that people living on granitic rock as compared 
to those living on sedimentary rock receive about 70 milliroentgens per year 
more dosage due to the higher content of uranium and thorium in these rocks 
and that people living at higher altitudes have a higher natural cosmic ray 
dosage. Also, of course, we know that medical uses of X-rays can be con- 
siderably larger than any of these fallout dosages. 

We do have experience and valid evidence that the somatie effects other than 
cancer and leukemia, that is, the effects of radiation on ordinary human health, 
require dosages which are very much larger, of the order of 25 to 50 roentgen 
units in order to be observed as changes in the blood and 100 to 200 roentgens for 
injury symptoms; whereas the dosages we are speaking of from test fallout are 
about one hundred thousand fold smaller, 

As for genetic effects, these are extremely difficult to evaluate, since there is 
so little known about human genetics. But judging from experience with plants, 
insects, animals, and lower organisms, there is every reason to expect some 
genetic effects of radiation. The question is how much radiation is required for 
a given level of effect. There are a certain number of mutations in every new 
human generation. Are these largely induced by natural radiation or are they 
mainly of chemical, or rather biochemical origin, or both? From a chemical 
point of view, it seems likely that not all the spontaneous mutations in the human 
or any other species are caused by radiation effects, because it seems likely that 
radiation acts in inducing mutations mainly via molecules which it generates in 
the human cell, and that the mutations are caused by these chemicals and there- 
fore in a sense are chemical in nature. Now if this be so, and the radiation in- 
duced mutations are nearly always caused by chemicals which are produced in 
the first instance by radiation, then chemicals themselves which are not produced 
by radiation but have other origins, can cause mutations, so it seems likely that 
a major part of the natural or spontaneous mutations in any species is not radi- 
ation induced. This point is an important one to settle, for the reason that we 
have to compare the effects of fallout radiation with the fraction of the natural 
spontaneous mutations which is due to the radiation we are normally subjected 
to. In other words, if the normal mutations are all due to radiation, then the 
effects of the additional radiation from general test fallout, or from other sources 
of radiation such as atomic power, or the medical uses of isotopes and X-ray, 
will be larger. It seems likely, and many genetic authorities agree on genetic 
grounds with this conclusion, that a major portion of the spontaneous mutations 
of the human species is not due to radiation but due to other causes. Therefore, 
a fraction of the spontaneous mutations in the human species is taken as being 
due to irradiation. Now, what this fraction is, it is difficult to say, but Professor 
H. J. Muller has estimated that this might be 10 percent. Therefore, one esti- 
mates the 150 milliroentgens per year from natural radiation now causes about 
10 percent of the spontaneous mutations, and therefore, that the test fallout if 
continued indefinitely will, at the present level of about 1 to 5 milliroentgens 
per year, cause an increase in the natural spontaneous mutation rate of some- 
thing like 49 of ten percent, or 0.2 of a percent of the spontaneous mutations. 
In the extreme, if it should prove that all of the spontaneous mutation rate is 
radiation induced despite the chemical arguments, the effect would be ten times 
as great, or two percent. Dr. Dunning of the Division of Biology and Medicine 
of the AKC estimated 1.4 percent in 1955 on similar assumptions. (The Scien- 
tific Monthly 87, 265-December 1955.) This effect is one which is comparable to 
moving to a slightly different locality and is much less serious than changing 
from one house to another or doing any of a dozen things. The only important 
point is that genetic effects show only if large numbers of people are subjected 
to them. Therefore, we would expect that the effects of large populations 
changing their environment, such as living at a higher altitude, or living in a 
region of naturally higher radioactivity, should cause genetic effects, if test fall- 
out does so. An examination of vital records should be made to test for such 
effects and the Atomic Energy Commission is doing so as best it can. The United 
Nations Scientific Committee on the Effects of Atomic Radiation has been com- 
paring the data on natural background dosages, and it is hoped that this study 
will be continued and that the search will be made for observable effects of 
variations in the natural background dosage, for it is certain that any effects 
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due to gamma rays from fallout must be already present in much larger measure 
due to the natural dosage. 


II. VARIATION IN INDIVIDUAL STRONTIUM-90 BURDENS 


What ifs the likelihood that even though the average strontium-90 content be 
well within tolerance limits, that a few individuals should exceed tolerance 
limits, that a few individuals should exceed tolerance limits? Let us consider 
first the case which will ultimately hold, the situation of complete equilibrium 
with the environment in so far as the strontium-90 burden is concerned. The 
only way we can make judgments about the expected individual variations from 
the mean concentration is by direct experiment on human body composition, not 
only for strontium-90 but for other analogous constituents. Most of the recent 
data on the strontium-90 body burden are from odd bits of bone removed during 
Surgical operations, but fortunately we have actual data for the strontium-90 
content of the entire bodies of some several dozen stillborn children * in the city 
of Chicago in the year 19538. <A strenuous effort is now being made on the Sun- 
shine Project to continue this series and also to check the human bone data by 
analyses of complete skeletons. We present the distribution of the strontium-90 
data for the stillborn children in Figure 1. Data for the occurrence of ordinary 
non-radioactive strontium in human bones. also have been published.? These 
obviously refer to the full steady state condition and are obviously at least as 
nearly in equilibrium with the environment as the fallout radioactive strontium 
ever will be. ‘These data are presented in Figure 2. The occurrence of radium 
in the human body also has been used since it is chemically similar to both ecal- 
cium and strontium, and therefore is a bone seeker and because it is obviously 
also in steady state equilibrium. The data used were those by Palmer and 
Queen * in Figure 3. And, finally, we use the recent data on occurrence of normal 
potassium in human bodies as determined by Anderson and Langham‘ at the 
Los Alamos Scientific Laboratory as presented in Figure 4. All of these data 
show a normal frequency distribution as indicated by the theoretical curves. 
The respective widths of the curves (standard deviations) are 86 percent for 
radiostrontium, 40 percent for normal strontium, 40 percent for radium, and 
18 percent for natural radiopotassium. It is completely clear from these data 
that they agree with one another in general shape and that the magnitude of the 
distribution of the strontium-90 contents of the Chicago stillborn babies was not 
in any way anomalous. Therefore, we shall take the distribution curve for 
radiostrontium to be the same as for the normal strontium data. The occurrence 
of non-radioactive normal ordinary strontium in the bones should certainly tell 
us what the equilibrium distribution will be for radioactive strontium, and from 
it we should be able to learn the points about distribution which we cannot yet 
learn in any detail from the radioactive strontium itself. Turekian and Kulp 
noted in their study of normal strontium in human bone that in a given region 
the deviation from the average was about 34 percent of the average, that is, for 
human bone from the regions Colorado, Texas, Cologne, Bonn, Venezuela, Chile, 
Vancouver, China, and India. In each instance the ratio of the standard devia- 
tion from the mean itself was taken and the average calculated to obtain 34 
percent. Therefore, we take 34 percent as the expected standard deviation from 
the mean for a given locality for the eventual strontium-90 equilibrium burden 
in human bones. 

With this result we can, assuming a normal error curve shape of the distribu- 
tion of probabilities, answer the immediate question: What is the probability of 
an individual exceeding the tolerance even though the mean does not? On the 
basis of this analysis we find that at steady state and in equilibrium the varia- 
tion from the mean will constitute an error curve with a shape corresponding 
to the standard deviation, being 14 of the mean. Therefore, at steady state 
among people living in a given locality, only one person in about 700 will have 
more than twice the average strontium-90 burden, and the chances of anyone 
having as much as three times the normal burden will be about one in twenty 
million, 

Now what about the non-equilibrium distribution, when the strontium-90,is 
finding its way into the biological system? Obviously, the burden will be much 


1W. F. Libby, ‘Radioactive Strontium Fallout,” Proc. Nat. Acad. Sci. 42, No. 6, 365-390 
(1956) ; ; University of meee Project Sunshine Bulletin No. 12, August 1, 1956. 
2K. K. Turekian and J. L. Kulp, Science 124, 405 (1956). 
8 Hanford Report, HW_31242. 
¢h. C. Anderson, R. L. Schuch, W. R. Fisher, and W. Langham, “Potassium and Cesium 
Radioactivity in People and Foodstuffs.” (In press.) 
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lower here, but the deviation from the mean will probably be much higher 
percentagewise, particularly in adults where most of the bone has been deposited 
before strontium-90 was produced. The present strontium-90 content of adults 
depends very much on the growth rate and the metabolic activity of the various 
bones in the given individual’s body which happens to be sampled. However, 
the specific concentration of the strontium-90 deposited will not exceed that in 
new bone developed entirely in the present biological environment, i. e., the local 
concentration in adult bone will not exceed that for the whole bone in young 
children, whose total bodies are composed of the mixture of strontium-90 and 
calcium which now is present in food. Since the present ratio for children to 
adults is about four to one for average total strontium-90 content, the factor of 
concentration in adults’ active bone regions may be as much as four-fold greater 
than the whole body average. Thus the apparent spread for random bone sam- 
ples taken from adults should be very large compared to the true equilibrium 
spread for these reasons. As equilibrium is approached, however, the spread 
must decrease very, very markedly. 

The data on human bones indicate a very wide scatter, but it seems extremely 
clear that the variation is a reflection of the fact that the main skeleton of adult 
individuals is not in equilibrium with the present food supply, and that the varia- 
tions reflect the different rates at which the various bones in the bodies of indi- 
viduals are coming into equilibrium with the food supply in the general biological 
environment. <A study of whole skeletons taken from one given locality which 
is now under way as a part of Project Sunshine will clarify the point about the 
variations among individuals in their rate of coming into equilibrium with the 
general biological environment. This study is under way in Dr. Kulp’s labo- 
ratory. 

It should appear from these studies that the variation from the mean of adults 
will be larger than the factor of one-third which apparently is normal for the 
types of equilibrium distribution considered above. It is, of course, very im- 
portant to establish the truth of this prediction clearly. However, the general 
agreement in shape of the distribution curves for such widely different mate- 
rials as normal potassium in whole bodies, radium, and normal elementary 
strontium in fragmentary human bone, and actual fallout radioactive strontium 
in the whole bodies of stillborn children, give us good reason to believe that there 
is nothing extraordinary in the distribution of radiostrontium in human bone. 


III. VARIATION OF THE STRONTIUM-90 BODY BURDEN WITH LOCALITY 


Most important of the causes of variation of the strontium-90 content of indi- 
viduals with locality is, of course, the amount of fallout in a given region. The 
general rules about the intensity of fallout have been described above. For air- 
fired megaton weapons our present indication is that the fallout is almost world- 
wide and for reasons of simplicity and in the absence of better information at the 
present time, we work on the model that this is a uniform distribution, over the 
entire world, of material that falls from the stratosphere. Further evidence and 
data on this point are rapidly being collected which will undoubtedly settle the 
stratospheric horizontal mixing question. 

At the present itme, the general latitudes in the Northern Hemisphere which 
are betwen 10° and 60° North have the highest strontium-90 content. In the 
United States, which because of our proximity to the Nevada Test Site has 
unusually high fallout, there are at the present time about 25 millicuries per 
square mile of strontium-90. For average soil this means a concentration in the 
top soil of about 50 Sunshine Units. With the factors of discrimination men- 
tioned above, this means that an equilibrium body burden between 1.7 Sunshine 
Units and 3.9 Sunshine Units is to be expected. Actually, the present body 
burden in young children indicates that the lower value is probably more realistic. 
The present body burden in children—about 0.5 Sunshine Units—probably was 
derived from an average strontium-90 content in the top soil of something like 
15 millicuries per square mile, or about 25 to 380 Sunshine Units during the time 
the strontium-90 was being acquired. Thus we find that the experimental value 
for the ratio between the body burden of young children and the average con- 
centration in the top soil is about 50 to 1; rather closer to the higher range of 
the laboratory results than to the lowest range. 

Table II contains the latest data for the total strontium-90 fallout as measured 
in U. S. soils, and Figure 5 displays these data graphically. 

The Northern part of the United States has about 20 to 80 millicuries of 
strontium-90 per square mile, the Southern States are somewhat lower. The 
low figure of 7 millicuries per square mile for Grand Junction, Colorado, is 
probably due ta local climatic and sample site conditions. 
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Taste II.—Health and safety laboratory 1956 survey of United States soils 
for Strontium-90—Samples taken between Oct. 8 and 138, 1956—Strontium 
extracted with 6N HO1 at room temperature—Replicates represent individual 
soil aliquots taken after sampling and air drying—Each error term represents 
1 standard deviation due to counting error 
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The differential rates at which the fallout has been occurring probably are 
best measured by the so-called “pot collection” method. A bucket with vertical 
walls of appreciable height is placed out in the open and allowed to collect the 
total fallout for a given period including the rain, snow, dust, ete. The bucket 
is left out whether it has rained or not and covers the total fallout for a given 
period. Figures 6 and 7 give the curves so obtained for New York and Pittsburgh 
areas together with the estimated errors of measurement. It is interesting to 
note the changes in slope and to correlate them with the occurrence of test activ- 
itis and the relatively short-lived troposherie fallout. The minimum Slopes 
which appear during quiet periods when no one is testing are the stratospheric 
fallout of which we have spoken and these slopes when we have enough pots 
operating all over the world will, when taken together with the results of the 
measurements of the amounts of radiostrontium and radiocesium in the strato- 
sphere, give an accurate value for the stratospheric residence time and settle 
the mixing question. 

In addition to the intensity of fallout, the question of the fraction of the radio- 
strontium, and, for tropospheric fallout, the radioiodine of eight-day half-life, 
that is in assimilable form is an important one. So far most fallout strontium 
appears to be completely water soluble and therefore most assimilable, though 
continued tests on this point should be made. Direct leaf pick-up of course 
promotes assimilation of the strontium because the plant differentiation against 
strontium when it assimilates it from soil thus is avoided. Another factor is, of 
course, the concentration of available calcium in the soil. By available calcium 
we mean calcium which is available to plants and not the total calcium in the 
soil. It is known that soils which are high in available calcium produce plants of 
lower radioactive strontium content; that is, the radioactive strontium to calcium 
ratio in the plant is lower as a direct consequence of the lower concentration 
of radiostrontium in the available soil calcium. In addition, as mentioned 
previously, plants tend to prefer calcium to strontium with a discrimination 
factor of about 1.4. Sheep which grow in certain areas of Wales have shown 
concentrations in their bones approaching 150 Sunshine Units, while sheep and 
cattle growing in the U. S. have hardly ever exceeded one-fifth of this. The 
Welsh soil in certain areas is very low in calcium and as a result grows grasses 
of high radiostrontium content. Of course, it is clear that fertilization with 
caleium will immediately relieve this difficulty, but in the absence of such fertili- 
zation, the question is: How serious is the effect of calcium deficiency in promot- 
ing strontium-90 pick-up through the food chain? 

AS was remarked earlier, there is an averaging which occurs in food distribu- 

tion systems and calcium deficient soils are naturally rather poor producers and as 
a consequence the weight of the food so produced is less than for a good well 
fertilized, well balanced soil. This factor reduces the flow into the general 
food system of material of exceptionally high strontium-90 content. It therefore 
will probably be sufficient to consider the radiostrontium of milk, since milk is the 
main source of calcium, in order to test for the radiostrontium content of the food 
in given areas. Direct measurements have shown that a factor of five encom- 
passes the total variation due to all factors including calcium deficiencies in acid 
soils. : 
The general intake must depend on the food distribution pattern and the 
relatively small fluctuation in milk contents must reflect this. The number of 
individuals who rely totally on the food output of soil of very low calcium con- 
tent is very small indeed, but it must be true that these individuals if they grew 
up on such a provincial, isolated farm would have as much as ten to 50 times 
the normal average strontium-90 content. The normal calcium concentration 
in soils in the United States is about 20 grams per square foot for the top 2.5 
inches and about the poorest soil known has about 0.4 gram available calcium 
per square foot for the top 2.5 inches—a deficiency factor of 50. 

It is clear from a detailed examination made by the author for people living 
in calcium deficient areas with normal food distribution patterns, that a factor 
of 5 is about as large an effect as can be expected from a fifty-fold deficiency of 
calcium in the soil. The food from outside of the calcium deficient area reduces 
by a factor of about ten the increase in strontium-90 pick-up rate which would 
be expected from the calcium deficiency in the soil if people lived entirely off the 
soil for their whole growing period of 20 years or so. 

The food of lowest strontium-90 content is fish flesh, because of the great dilution 
the fallout receives by the hundred meters of sea water above the thermocline 
which rapidly mix with the fallout within a few hours or days. This means that 
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the specific concentration of radioactive strontium, or any other fallout con- 
stituent in sea water, is relatively very much lower than it would be in soil. 
For example, 100 meters of sea water has 370 grams of dissolved calcium per 
square foot as compared to the average of 20 grams per square foot for the 
top 2.5 inches of soil which absorbs and holds the fallout radiostrontium. 
Therefore, in principle sea food and fish are lowest among foods in content of 
radiostrontium fallout. 


IV. EFFECTS OF CONTINUED TESTING AND GENERAL CONCLUSIONS 


In summary, then, we see that the present body burden of strontium 90 from 
atomic weapons tests in the United States corresponds to the radiation dosage to 
the bones which would result from a few hundred feet increase in altitude, and the 
present vital statistics show no observable effect on the occurrence of bone cancer 
or leukemia of much larger changes in altitude. The tolerance figure of 100 Sun- 
shine Units, or 0.1 of a microcurie for an average individual, or 100 micromi- 
crocuries per gram of body calcium, that is recommended now is about two hun- 
dred times the present level for new bone in the U. S., and it will be exceeded 
by fallout from weapons tests in any foreseeable circumstances. 

The distribution of strontium—-90 burdens among individuals for a given lo- 
cality will be a normal error curve with a standard deviation of about one- 
third of the average concentration. This means that about one individual in 
300 will have more than twice the normal average value for a given locality, 
and that about 1 in several million will have three times the average value. 

The effect of locality is more important, however, particularly in the effect 
of calcium deficiency in the soils. Careful consideration of this question in- 
dicates that there will be very few individuals who show a strontium-—90 content 
which is strictly inversely proportional to the available calcium concentration 
of the soil in their region. ‘This is due to the fact that food distribution systems 
automatically average over a wide area and people assimilate their calcium 
slowly. Most people drink milk and eat cheese and other calcium-bearing foods 
from a rather wide area, and this effect reduces by an estimated factor of ten the 
potential effect of calcium deficiency in the local soils. 

On the basis of laboratory experiments the human body concentration of 
strontium—90 at equilibrium will be between 13 and 380 times less than that in 
the top soil. The present data indicate that the higher figure is closer to the 
truth, and so we will be conservative in taking the figure of 20 for this ratio. 
Therefore, the present burden of 50 Sunshine Units in the top soil of the United 
States may eventually lead to as much as 2.5 Sunshine Units in the human bones, 
but more likely will lead to about-1.7. 

Of course, as testing continues and more fallout occurs, the levels will rise. 
The strontium-90 that still resides in the stratosphere at the present will fall out 
according to our expectations at a rate which just about compensates for the 
decay of the material already deposited, so that no great additional increase 
from this source is to be expected from weapons fired in the past. If the testing 
should continue at about the same rate as it has averaged over the last five years, 
then we should at equilibrium, after an infinite time, approach a level of 8 times 
the present rate, since the average life of strontium-90 is 40 years. This assumes 
that the future testing will be conducted so as to give in each future five-year 
period the same as the last five have. And so we would expect in the United States 
at that time an average human strontium-90 concentration of 20 Sunshine Units 
with the conservative factor of 20 between the top soil concentration and the 
concentration in human bone, or 5 Sunshine Units if the factor of 80 is used. 
In other words, in the United States something between 5 and 20 Sunshine Units 
would be the equilibrium concentration of human bones if testing continued 
indefinitely at the average rate of the past five years. This level would be 
approached only after a few decades. After 28 years the level would be half 
of this equilibrium value, and after another 28 years, 56 years total, from an 
arbitrary beginning which we have set as 1952, we would expect in the year 2008 
three-fourths of the equilibrium figures. So somewhere between 4 and 15 Sun- 
shine Units of strontium-90 in human bones in the United States might result 
from the present type of testing being continued for the next 50 years. 

In those certain areas in the world where the soil is low in calcium, this level 
might go five-fold higher. At the present rate of testing we might indeed 
approach the figure of 100 Sunshine Units, the tolerance limit for large popula- 
tions, at the beginning of the 21st century for these certain limited regions in 
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the world. The observed conditions in these regions could be relieved, however, 
by fertilization of the soil with calcium, either calcium nitrate or lime being 
used, as appropriate from other considerations. 

The Sunshine Project continues to study the problems of world-wide fallout— 
the stratospheric inventory of radiostrontium and radiocesium, the occurrence 
of these isotopes in the soils and water and the biosphere all over the earth, 
the biological effects at certain levels of contamination with strontium-90, and 
to a lesser degree with cesium-187, and the possible genetic effects of the low 
gamma ray dosages associated with world-wide fallout from atomic tests. All 
of these are studied not only with the point in mind of devising methods of pro- 
tection against atomic warfare, but also with the thought of possible application 
in the remote event of industrial accidents which may happen in connection with 
certain of the peaceful uses of atomic energy, particularly atomic power. 
Certainly an understanding of the basic principles of world-wide fallout is 
applicable to the control and safe-handling of isotopes. All of this is done in 
collaboration with the United Nations Scientific Committee on the Effects of 
Atomic Radiation, and it is to be hoped that as the data appear all of the countries 
in the world will join together in this international effort to understand. better 
the effects of the great new fact in life, the nuclear atom. 
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Numbers are in mc/mi2 at individual site. 
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To THE Most HONOURABLE 
THE MARQUESS OF SALISBURY, K.G., LORD PRESIDENT 
OF THE COUNCIL 


My Lorp, 

On the 29th March, 1955, the Prime Minister, through you, 
requested the Medical Research Council to appoint an independent 
committee to report on the medical aspects of nuclear radiation, 
including the genetic aspects. The Council accordingly appointed a 
committee, under the chairmanship of Sir Harold Himsworth, and 
this body has now reported. 


The report has been accepted by the Medical Research Council, 
and I have been authorised to transmit it to you with a view to 
its presentation to Parliament. It is the wish of the Council that, in so 
doing, I should express their high appreciation of the care, thought 
and ability which all members of the Committee have devoted so 
freely to their most difficult and important task. 


I have the honour to be, my Lord, 
Your Lordship’s obedient Servant, 
LIMERICK, 
Chairman, 
Medical Research Council. 


June, 1956. 
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THE HAZARDS TO MAN OF NUCLEAR AND ALLIED 
RADIATIONS 


A REPORT TO THE MEDICAL RESEARCH COUNCIL 


CHAPTER I 
INTRODUCTION 


1. In accordance with the undertaking of the Prime Minister given in the 
House of Commons on the 29th March, 1955, the Medical Research Council, 
in April of that year, appointed us members of a committee, under the 
chairmanship of Sir Harold Himsworth, to review the existing scientific 
evidence on the medical aspects of nuclear and allied radiations, and we have 
unanimously signed this report. 


2. We held our first meeting on the 3rd May, 1955, and decided to carry 
out our enquiry for the most part through two panels, one of which undertook 
to consider the effects of radiation on the health of the, individual, and the 
other the possible genetic consequences of radiation to the population as a 
whole as well as to the individual and his descendants. Sir Ernest Rock 
Carling, Professor A. Haddow, Professor A. Bradford Hill, Dr. J. F. Loutit, 
Professor W. V. Mayneord, Dr. F. G. Spear, Professor Sir Lionel Whitby 
and Professor B. W. (Windeyer have served on the former panel, which has 
met nine times. Professor A. Bradford Hill, Professor K. Mather, Professor 
P. B. Medawar, Professor J. S. Mitchell, Professor L. S. Penrose, Sir Edward 
Salisbury and Professor C. H. Waddington have served on the latter, which 
has met eleven times. In addition, Sir John Cockcroft and Professor J. R. 
Squire have served on the main committee. Both panels have worked under 
the chairmanship of Sir Harold Himsworth and all papers have been circu- 
lated to every member of the committee. More than seventy specially prepared 
papers have been considered, some of them written by scientists not serving 
on the committee, and we have drawn widely on the relevant published 
material. Groups to consider special problems have been appointed as the 
need arose. We have also taken into account relevant work carried out under 
the auspices of the Medical Research Council’s Committee on Protection 
against Ionizing Radiations, and the recommendations and discussions of 
the International Commission on Radiological Protection. On the completion 
of the work of the panels, we have met together in full committee to consider 
our conclusions and to draw up this report. We have held four meetings of 
the whole committee during the period of our enquiry. 


3. Throughout the course of our work, and in the preparation of this 
report, we have been greatly helped by our two scientific secretaries, Dr. 
W. M. Court Brown and Dr. T. C. Carter, of the scientific staff of the Medical 
Research Council. We are also very much indebted to Dr. R. H. L. Cohen 
and to Dr. Joan Faulkner, of the Council’s headquarters staff, who have been 
responsible for co-ordinating the work of the panels and the various special 
enquiries that we have initiated. 

4. The immediate occasion for the Government’s request to the Medical 
Research Council to set up this Committee was the widespread public concern 
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about the long-term effects of nuclear weapon testing. This is only one aspect, 
however, of the much larger problem arising from the increasing use of 
ionizing radiations. It is already apparent that the future development of our 
civilisation is closely bound up with the exploitation of nuclear energy. At 
present, the potential hazards from its possible military uses overshadow in 
many people’s minds the vast potentialities for good of this new source of 
power. The hazards to health are qualitatively the same, however, whether 
they arise from nuclear weapons or from the use of ionizing radiation for 
peaceful purposes. The difference is one of degree and intensity only. As with 
other sources of energy that man has harnessed to his service, the use of 
ionizing radiation necessarily entails risk ; but the risk is controllable within 
limits that he can accept. It is the purpose of this report to indicate the 
nature of the risks and the extent to which they can be controlled. 


5. Our purpose has been to give as firm a guide as the evidence allows 
to informed opinion in the country as a whole, and more especially to those 
with whom lies the responsibility for practical decisions of policy. This has 
laid on us the duty of drawing more precise conclusions than we might wish 
to do on purely scientific grounds, and we feel bound to point out that in 
the course of our enquiry we have become increasingly aware of the impossi- 
bility, in the present state of knowledge, of coming to final conclusions on 
many questions of importance in the subject under study. Nevertheless, 
because of the many and urgent problems on which action cannot be delayed, 
we have felt it incumbent upon us to attempt to give guidance to the best of 
our ability. It is inevitable that, with the advance of knowledge, many of the 
views which we have expressed will come to require amendment, but we 
feel reasonably confident that the general picture which we have drawn is 
unlikely to be found grossly inaccurate in perspective or scope. 


6. We wish to remind those who read. this report that human populations 
have always been exposed to ionizing radiation, and that it is the scale and 
not the nature of the hazard which is new. Moreover, our remarks in many 
respects can be applied only to large populations living under conditions 
similar to those prevailing in this country. A technically advanced com- 
munity, such as our own, is likely to be exposed to a greater risk from the 
industrial and medical uses of atomic energy. These risks have to be weighed 
against the established benefits derived from the use of ionizing radiation in 
industry and medicine, and against the benefits likely to be conferred in 
the future. 


7. We have thought it helpful to the general reader to follow this intro- 
duction with a brief account of radiation and its mode of action on living 
cells (Chapter Il). The types of radiation and the units in which they are 
measured are described, and the chapter concludes with an outline of the way 
in which radiation acts on living tissues. 


8. In Chapter III consideration is given to the effects of radiation on the 
health of the exposed individual. A brief review of the available sources of 
information is followed by an account, first, of the clinical manifestations 
which may occur within a short time of exposure, and, secondly, of the 
effects which may appear a considerable time, perhaps many years, after- 
wards. The chapter includes a discussion of the evidence from a detailed 
study of the relationship between radiation dose and the incidence of 
leukaemia in patients suffering from a particular disease. This study was 
undertaken at our request by members of the Medical Research Council’s 
staff, and we should like to thank Dr. W. M. Court Brown and Dr. R. Doll, 
who carried out the work, for the great help that they have given us. The 
full results of the enquiry are to be published separately and are summarised 
in Appendix B. 
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9. Chapter IV of the report opens with a short account of the biological 
processes controlling the hereditary constitution in human beings, and pro- 
ceeds to a description of the way in which radiation might affect the genetic 
structure of human populations. An attempt is then made, in terms of the 
incidence of certain specific grossly harmful conditions, to assess the conse- 
quences for the individual and society of increasing the rate of mutation, and 


to define the levels of dose which might be expected to bring about such an 
increase. 


10. In Chapter V the contributions made to the present level of radiation 
by naturally occurring radioactivity and by the medical, industrial and other 
uses of ionizing radiation are reviewed. Many new data have been obtained, 
and an investigation has been initiated at our request, and is still in progress, 
to establish more precisely the contribution from various diagnostic and 
therapeutic procedures (Appendix K). An assessment is then made of 
the results of contamination from the fall-out from atomic and thermonuclear 
test-explosions, and the chapter concludes with a brief description of the 
nature of nuclear warfare. 


11. Chapter VI sets out our assessment of the hazards of ionizing radia- 
tion on the basis of the evidence put forward in the earlier chapters and 
proceeds to a discussion of the dangers from radiation in peace and war. 


12. Chapter VII contains a summary of our report which is followed by 
a statement of our conclusions. 


13. The highly technical nature of this report has made it necessary 
to devote some space in each chapter to a description of generally accepted 
scientific theory in terms comprehensible to the general reader. No attempt 
has been made to prepare a bibliography for these parts of the report. Where 
new material has been drawn upon or controversial topics are discussed, 
the evidence has been set out in greater detail in appendices, to which lists 
of selected references to published work have been attached. 


14. It will be evident to any reader of this report that, at the present 
time, there are many large and serious gaps in our knowledge of the medical 
and biological effects of ionizing radiation. If the potentialities for good are 
to be exploited with confidence and safety, it is necessary that these gaps 
should be filled. Much research on many broad fronts will be required. 
Given the necessary facilities, there is no reason to doubt that the informa- 
tion can be obtained ; and we attach the greatest importance to the recom- 
mendations for future work that we have been invited to submit for the 
consideration of the Medical Research Council. 
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CHAPTER II 


THE NATURE OF RADIATION AND ITS ACTION 
ON LIVING CELLS 


Introduction 
Discovery of X-rays 


15. The transference of energy from sun to earth by radiant heat and 
light was already well recognised when in 1895 the discovery of X-rays 
revealed something quite novel—namely rays which had the power of 
penetrating normally opaque objects. The power of penetration varied in 
relation to different tissues of the body, and this variation enabled shadow 
pictures of internal structures to be seen, and so laid the foundation of the 
first great use of the new discovery. Almost by accident it came to be recog- 
nised in the next few years that part of the radiation was absorbed in the 
tissues, with the production of physico-chemical changes which could lead 
to biological damage. 


Discovery of natural radioactivity 


16. The production of X-rays was soon followed by the discovery of 
natural radioactivity. It was found that compounds of certain heavy elements 
in the earth’s crust, such as uranium and radium, spontaneously emitted rays 
which had similar properties to X-radiation, although they were of different 
penetrating power. Later, rays were identified which reached the earth from 
outer space and these were named ‘cosmic rays’ *. 


Disintegration of radioactive elements 


17. The radiation emitted from radioactive elements is due to spontaneous 
disintegration of their atoms, with the production of one or more types 
of radiation and of a new element lighter in weight than the original one. A 
radioactive element, such as radium, may be regarded as a population of 
atoms, each of which has a length of life ending in spontaneous break-up 
of the atomic nucleus with emission of radiation, partly in the form of a 
stream of particles and partly as wave-propagated radiant energy. In this 
way the amount of radium gradually diminishes. While the moment of dis- 
integration of any particular atom is unpredictable, the rate of decay of the 
population of atoms as a whole follows a strictly constant rule. Thus, any 
group of radium atoms decays to half its original number in a period of 
about 1,600 years. This period, called the half-life, varies widely for different 
radioactive substances but for each it is constant and characteristic. Some- 
times the new element formed by atomic disintegration is itself unstable and 
a cascade of successive disintegrations occurs, each with the emission of one 
or more types of radiation, until finally a stable non-radioactive substance 
is formed. 


Radioactive isotopes 


18. After much pioneer work, dating from Rutherford’s experiments as 
early as 1919, it was found possible in the nineteen-thirties to turn many 
normally stable elements into unstable versions of their original form, by 
treating their nuclei with suitably energetic radiations, and so to produce 
artificial radioactive substances. At first it was only possible to make these 


* For a description of cosmic rays see paragraphs 192-193. 
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artificial radioactive substances under very special conditions and on a very 
small scale. The expansion of nuclear research during the last war, however, 
led to the development of the nuclear reactor, by means of which it became 
possible to create radioactive substances in very large quantities either directly 
or as by-products of the fission* processes in the reactor itself. Both natural 
and artificial radioactive substances are now commonly called radio-isotopes. 


Types of Radiation and Units of Measurement 


19. Several different kinds of penetrating radiation are known, of which 
the common types are the following: 


alpha particles: These are the nuclei of helium atoms and are swiftly 
moving particles of high energy, carrying a positive electric charge. 
They have little power of penetration, passing into soft tissues for only: 
small fractions of a millimetre, and irradiation of the body from outside. 
with alpha particles is consequently of little significance. They may, 
however, affect living tissues when they arise from radioactive materials. 
actually within the body, and, in sufficient quantity, they are then, 
biologically very destructive, 


beta particles : These are fast-moving energy-carrying particles (electrons) 
of very small mass with a negative charge. The amount of energy that 
they carry may vary considerably and their power of penetration will 
vary accordingly. In general, beta particles are more penetrating than 
alpha particles and cana traverse distances of up to about a centimetre in 
soft tissues. For this reason they are valuable therapeutically, and radio- 
active substances emitting beta radiations are used for the destruction 
of superficial tumours. For the same reason heavy doses from outside the 
body can damage the superficial tissues and, if beta-emitting substances 
are ingested, destructive effects within the body may be produced. 


gamma rays: These are electro-magnetic radiations of high energy 
emitted by atomic nuclei. Like alpha and beta particles they are 
produced in the process of natural or artificially induced atomic dis- 
integration. Gamma rays have great penetrating powers in comparison 
with alpha and beta particles aid the more energetic gamrna rays can 
traverse the whole body with relatively little absorption. As a result, 
almost the whole thickness of the body may be irradiated by gamma 
radiations and this is a deciding factor in producing the general 
illnesses which may follow this type of irradiation. The properties of 
gamma rays are essentially similar to those of X-radiations but in 
general gamma-rays have an energy and penetrating power corresponding 
to the more penetrating X-rays produced at such extremely high voltages 
as several million volts. 


X-rays : These are similar wave-propagated radiations, which are usually 
produced artificially by electrical machines and which are widely used 
both diagnostically and therapeutically in medical radiology. They 
vary considerably in their penetrating power, according to the electrical 
energy used in their production. The biological effects of X-rays are 
brought about by high-energy electrons, which are liberated in the tissues 
during the passage of the rays, so that the biological action of X-rays 
and beta particles is essentially the same. 


neutrons: These are normal constituents of atomic nuclei but may be 
liberated with considerable energy. They carry no electric charge and 


*Fission: The splitting of the nucleus of a heavy atom into two roughly equal parts with 
the release of a large amount of energy. 
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are therefore not repelled by the charged nuclei of atoms, but enter 
into them to build up unstable structures which often disintegrate with 
the production of artificial radioactivity. Fast neutrons act chiefly by 
collision with the hydrogen of the water and of the other compounds 
which the tissues contain, the resulting ‘ recoil hydrogen nuclei’ some- 
what resembling alpha particles in their action. The initially fast 
neutrons are gradually slowed down in the tissues and may then bring 
about biological effects by interaction particularly with nitrogen. They 


may also be captured by hydrogen, thereby releasing energetic gamma 
rays. 


Ionization 


20. These several types of radiation vary not only in their powers of 
penetration but also in relation to the number of electrically charged atoms 
and molecules, called ions, that they leave in their tracks as they pass 
through tissues. For this reason they are collectively known as ionizing 
radiations. It is the production of electrically charged particles, or ions, 
which is mainly responsible for initiating the physico-chemical changes in 
living tissue that lead ultimately to the production of overt radiation 
damage. The efficiency of a given dose of radiations in producing biological 
effects can be related to the numbers of ions produced per unit length 
of track. 


Intensity of dose and length of exposure 


21. The biological effects of radiation are closely related to the dose, or 
quantity, of radiation received. An analogy can be drawn with the effecis 
of ultra-violet light on the skin in producing sunburn. It is well known that 
these effects depend on two main factors, the brightness of the sunshine 
and the length of the exposure to it. Similarly, the effects of radiations 
such as gamma rays, X-rays or beta rays are determined by the same 
two factors, the intensity of the radiation and the period cf exposure. 
Radiation may be regarded as consisting of small units of energy called 
‘quanta’, and the intensity of the beam of a given kind of X- or gamma 
rays is simply a measure of how many such quanta are striking a particular 
area in a given time. The dose of radiation might therefore be described 
as the energy which is absorbed in the small mass of tissue upon which 
the radiation impinges. Living tissues, however, are not inert. After some 
types of damage by radiation, repair processes take place and the rate at 
which the dose of radiation is given becomes an important factor in 
determining the observed biological effect. Thus, if a dose of radiation is 
spread out over a very long time, for example many years, the response 
may be very much smaller than or even quite different from that which 
would occur if the same amount of radiation were given in a very short 
time. On the other hand, with some well known forms of biological damage 
produced by ionizing radiations, recovery does not occur. The production of 
gene mutation is perhaps the most important example of this latter type of 
change. 


Measurement of dose: the roentgen 


22. The difficulty of making satisfactory measurements of the dose of 
radiation has been overcome by making use of the changes of electrical 
conductivity which are brought about in air when ionizing radiations pass 
through it. This particular method of measurement is used, not only because 
it is technically convenient but also because the atomic composition of 
air or water is in this respect essentially similar to that of the body, the 
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absorption of X-rays taking account only of the kind of atoms present 
and not of their particular chemical combinations. The unit of dose which 
has hitherto been adopted internationally is called the roentgen,* which 
is abbreviated to the letter ‘r’; for very small quantities of radiation 
the milliroentgen (0:001 r) is often used as the unit. The intensity of radiation 
to which we are ordinarily exposed from our natural surroundings is about 
0-1 r per year. 


Measurement of radioactivity : the curie 


23. It has been seen that the biological effects of radiation depend upon 
the amount of energy which is absorbed in the tissues. At each radioactive 
disintegration, an atom emits a certain amount of energy in the form of 
high-speed particles and gamma rays. The total rate at which the tissues 
are irradiated therefore depends on how many atoms disintegrate per second. 
In considering the effects of radioactive materials actually within the tissues, 
use is accordingly made of units of radioactivity which depend on the 
number of atomic disintegrations per second. Based originally upon the 
rate of disintegration of radium, the unit of radioactivity is called the curie 
and represents the amount of an element in which 3:7 x 101° disintegrations 
occur per second. This is too large an amount of radioactivity for most 
biological work and it is customary to measure the amounts of radioactivity 
in the body in microcuries (millionths of a curie). For some radioactive 
materials the maximum amounts which can be allowed in the body are of 
the order of only one microcurie or less ; but even this very smali amount of 
material corresponds to many thousands of atomic disintegrations per 
second. 


Relative biological efficiency 


24. The destructiveness of the different types of radiation can also be ex- 
pressed in relation to that of an equivalent amount, in terms of energy, 
of gamma rays. This measure is known as the relative biological efficiency 
(R.B.E.) and varies between different tissues. 


Action on Living Tissues 


25. The basis of the biological action of ionizing radiation is not fully 
understood. The consensus of opinion is that radiation acts primarily upon 
the cell and its constituents, and upon the complex chemical processes 
occurring in these, rather than upon the fluids in which the cell is bathed. 
It is thought that the processes associated with the formation of ions during 
the passage of radiation lead to changes in some of the highly organised 
molecular systems within the cell. These changes are probably brought about 
by highly reactive chemical intermediates liberated within the cell subsequent 
to the physical process of ionization. 


Effect of radiation on organisms, tissues and cells 


26. All living tissue is killed if exposed to large enough doses of radia- 
tion. Different types of organisms, tissues and cells, however, vary greatly 
in the amount of radiation which they can withstand. Among mammals the 
dose of X-rays to the whole body which will kill 50 per cent of an animal 
population varies from 200 to 1000 r—depending on the species; for man it 
is thought to be between 400 and 500 r. There is also a wide variation in 
sensitivity between different animal tissues. For instance, in man the most 
sensitive tissues include the lymphatic glands, the epithelium of the small 
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* The roentgen shall be the quantity of X- or gamma radiation such that the associated 
corpuscular emission per 0.001293 gramme of air produces, in air, ionscarrying 1 eiectrostatic 
unit of quantity of electricity of either sign. 
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bowel, and the precursors of the blood cells which are situated in the bone 
marrow, whereas adult nerve and muscle tissue are comparatively insensi- 
tive. Variations in sensitivity also occur at different stages in the life cycle 
of a cell; for example, cells about to divide are often more sensitive than 
those in the resting state. 


Repair processes 

27. At dose levels below those which damage tissue irretrievably, the 
situation is modified by processes of repair ; but a distinction must be drawn 
between true recovery, in which the damaged cells return to normal form and 
function, and the replacement of injured cells by those coming from outside 
the field of radiation. The latter is the more conspicuous form of repair after 
heavy radiation damage in the higher animals and leads to the original 
tissue being replaced by simpler unspecialised material or scar tissue. Repair 
processes within the individual cell are little understood and still largely a 
matter of speculation, but they must play an important part after low doses. 
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CHAPTER III 


THE EFFECTS OF RADIATION ON THE HEALTH OF THE 
INDIVIDUAL 


Introduction 


28. Experience of the effects of ionizing radiations has been accumulating 
with increasing rapidity since the benefits which they may produce in 
the treatment of malignant disease first began to be appreciated. This 
experience has been limited, in the main, to the effects produced by the rela- 
tively large doses which it is often necessary to give to the area of the body 
under treatment. More recently, knowledge of the effects of very large doses 
to the whole body has been obtained as a result of the atomic bomb 
explosions in Japan. In this chapter it will be necessary to draw heavily on 
the information from these two sources in considering both the acute and 
the long-term effects of exposure to radiation, but the reader must bear 
in mind that such information is only indirectly relevant to the circumstances 
of ordinary civilian life, since doses of this magnitude would only be 
conceivable in the immediate vicinity of an accident in a nuclear reactor. 


29. There is much less information about the possible effects of chronic 
exposure to very low doses of radiation, such as those to which special 
groups of workers may be exposed in the course of their occupations. At 
a time like the present, when nuclear energy is being intensively developed 
for civil use, the importance of obtaining such information cannot be 
exaggerated. The investigation which we have sponsored on leukaemia was 
undertaken in an attempt to obtain information on the relationship between 
the size of the dose of radiation and the incidence of the disease among 
patients with ankylosing spondylitis, so that conclusions might be drawn 
about the effects of lower doses. The investigation must be regarded, however, 
as only the first step towards this goal. 


Sources of Information 


30. Information about the effects of radiation on man has been derived 
from four main sources: radiotherapeutic experience; occupational 
experience, including that from accidents; experience from atomic bomb 
explosions ; and animal studies. 


31. Radiotherapeutic experience. Both X-rays and the gamma rays of 
radium have been used for many years in the treatment of disease, mainly in 
the treatment of cancer. Observation of patients receiving radiotherapy has 
yielded information on the general effects of radiation and on the effects pro- 
duced in different tissues ; and the therapeutic use of radioactive isotopes has 
provided data on the effects of radioactivity within the body. 


32. Occupational experience. Information on the occupational hazards of 
radiation has been obtained from studies of three groups of workers: medical 
radiological workers, painters of luminous dials for watches and clocks, and 
miners working radioactive ores in the Schneeberg mines in Saxony and 
in Joachimsthal. The experience of these three groups serves to illustrate three 
different forms of radiation hazard. The radiological workers were exposed 
mainly to external irradiation by X- and gamma rays, and some developed 


1550 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


skin damage leading to skin cancer, or bone-marrow damage leading to 
severe diseases of the blood. The luminous-dial painters ingested paint 
containing the naturally-occurring radioactive elements radium, mesothorium 
and radiothorium, which are retained within the skeleton, and some developed 
bone tumours. The miners of Joachimsthal and Schneeberg worked in an 
atmosphere containing high concentrations of the radioactive gas, radon, and 
many developed lung cancer. The study of these three different hazards has 
contributed greatly to our knowledge of the harmful effects of radiation, 
and has provided data for the formulation of safety standards. 


33. Atomic bomb experience. The atomic bomb explosions over 
Hiroshima and Nagasaki brought widespread destruction to these cities. Blast 
and fire caused most of the casualties, but about 15 to 20 per cent were 
caused by the gamma and neutron radiations emitted during the explosions. 
In 1946 the United States established in Japan the Atomic Bomb Casualty 
Commission, which has studied the immediate and the long-term effects 
of radiation from the bombs on the populations of both cities; the findings 
have been of great value in expanding knowledge on this subject. 


34. Analogous effects produced in. animals. The discovery that X-rays 
could produce changes in human tissues led investigators to study the effects 
of radiation on animals. As a resuit, it was established that radiation pro- 
duces effects in animals similar to those observed in man and it thus 
became possible to make an experimental approach to the problem of 
radiation hazards. The knowledge thus gained has been drawn on freely in 
this report. 


Factors Affecting the Severity of Radiation Injury 


35. The harmful effects of radiation can be divided into those developing 
within a few weeks of exposure and those developing some considerable time, 
perhaps many years, afterwards. Illnesses which develop within a few weeks 
are sudden in onset and run an acute course, whereas those occurring some 
years after exposure develop insidiously. 


36. The severity of radiation injury in any particular instance is deter- 
mined by the interplay of several factors: the type and dose of radiation 
received, the duration of the period of exposure, the extent and part of the 
body which has been irradiated, and also the age of the person exposed. 


The dose of radiation received 


37. If the dose of radiation is a large one and is received by the whole 
body in the space of a few minutes, a severe and. possibly fatal illness is 
likely to develop within a few hours, and certainly within a few weeks, of 
exposure. Some of those who survive this early illness may die several 
years later from one of the delayed effects of radiation, such as anaemia or 
leukaemia. Exposure of the whole body to smaller doses of radiation, over 
a period of months or years, will not cause the early illness, but there may 
still be a slightly increased risk of death from the delayed effects in later years. 


The extent of the body irradiated 


38. On the other hand, if only a fraction of the whole body is irradiated, 
as in radiotherapy, immediate general effects are rare, although some patients 
may develop a mild form of the early illness, known as radiation sickness. 
It is often necessary to give a large dose locally and there may be local 
reaction in the irradiated area with temporary reddening of the skin or 
blistering similar to that which occurs in sunburn. Delayed local effects 
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that may occur in these patients are scarring, less commonly necrosis and 
rarely the later development of cancer in the irradiated tissues. It is now 
apparent that there may be delayed general effects, a small proportion of 
patients in later years developing anaemia or leukaemia. 


The part of the body irradiated 


39. Experience has shown that there is a difference in the general effects 
of radiation according to the part of the body which is irradiated. Even 
quite a large dose of radiation given to a portion of a limb will usually 
produce no general ill effects whereas a similar dose directed to an equally 
large volume of tissue in the upper abdomen, for example, may produce 
severe immediate illness. 


The type of radiation 

40. The severity of effect produced by radiation may also depend to some 
extent upon the type of radiation concerned, since radiations differ in their 
powers of penetration and in their destructive effects. For example, fast 
neutrons are about ten times more potent than X- or gamma rays in causing 
cataract in the lens of the eye, although these three forms of radiation differ 
very little in their capacity to cause the early acute form of illness. 


The age of the individual exposed 


41. It has long been known to radiotherapists that young children are 
more likely than adults to develop reactions after irradiation. Further 
evidence on this point comes from a recent report on the inhabitants of the 
Marshall Islands, who were exposed to radioactive fall-out after the thermo- 
nuclear test explosion in that area of the Pacific Ocean in the spring of 
1954. A consistently greater fall in the number of white corpuscles in the 
blood occurred among children than among adults, and a similar age- 
difference in response was noted also in regard to loss of hair. 


The frequency of radiation effects 

42. Reasonably good estimates have been made of the numbers likely to 
develop the acute illness under varying conditions of whole-body irradiation. 
Thus, every member of a population receiving a single whole-body dose 
of 500 r of gamma-rays would become ill shortly afterwards; if the dose 
were 150 r, only about half would do so; and, if it were of the order of 
50 r, sickness would be extremely rare. It is much more difficult to assess 
the proportion likely to suffer from the delayed effects ; all that can be said 
with certainty is that it would be small. 

The Early Effects of Exposure to Radiation 


43. The following description of the effects of a single heavy dose of 
gamma rays to the whole body is based on observation of the bomb-victims 
in Nagasaki and Hiroshima. It must be repeated that, in peacetime, exposure 
at this level could result only from an accident which would rarely, if ever, 
occur and that, even then, only those in the immediate vicinity of the disaster 


would be affected. 


Effects of heavy dosage 

44. The first effect of exposure of the whole body to a heavy dose of 
gamma rays of the order of 500 r is a sensation of nausea developing 
suddenly and soon followed by vomiting and sometimes by diarrhoea. In 
some people, these symptoms develop within half an hour of exposure ; 
in others, they may not appear for several hours. Usually, they disappear 
after two to three days: In a small proportion of cases, however, the symptoms 
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persist; vomiting and diarrhoea increase in intensity ; exhaustion, fever, and 
perhaps delirium follow ; and death may occur a week or so after exposure. 


45. Those who recover from the phase of sickness and diarrhoea may feel 
fairly well, although examination of the blood will reveal a fall in the 
number of white cells. Between the second and fourth weeks, however, a 
new series of ailments, preceded by gradually increasing malaise, will appear 
in some of those exposed. The first sign of these developments is likely to 
be partial or complete loss of hair. Then, from about the third week onwards, 
small haemorrhages will be noticed in the skin and in the mucous membranes 
of the mouth, which will be associated with a tendency to bruise easily and 
to bleed from the gums. At the same time, ulcerations will develop in the 
mouth and throat, and similar ulceration occurring in the bowels will cause 
a renewal of the diarrhoea. Soon, the patient will be gravely ill, with com- 
plete loss of appetite, loss of weight, and sustained high fever. Feeding by 
mouth will become impossible, and healing wounds will break down and 
become infected. 


46. At this stage, the number of red cells in the blood is below normal, 
and this anaemia will increase progressively until the fourth or fifth week 
after exposure. The fall in the number of white blood cells, noted during 
the first two days after exposure, will have progressed during the intervening 
symptomless period, and will by now be reaching its full extent. The changes 
in the blood-count seriously impair the ability to combat infection, and 
evidence from Nagasaki and Hiroshima shows that infections of all kinds 
were rife among the victims of the bomb. Many of those affected die at this 
stage and, in those who survive, recdvery may be slow and convalescence 
prolonged ; even when recovery appears to be established, death may occur 
suddenly from an infection which in a healthy person would have only 
trivial results. 


Effects of lighter dosage 


47. The radiation effects described above are the most severe which can 
follow a single whole-body dose of 500 r of gamma rays and still allow 
some hope of survival; but at least half of a population so exposed would 
die. With smaller doses, fewer people would develop symptoms and the 
illness would become correspondingly less severe ; thus, with a dose of 100 r, 
not more than about 15 per cent of the exposed population would be 
affected, the illness would be comparatively mild, and very few. if any, 
would die. 


Effects of exposure to ‘ fall-out’ in the vicinity of an explosion 


48. The radiations considered above have been those occurring within one 
minute of the detonation of a nuclear weapon. These radiations have been 
called the ‘ prompt’ radiations to distinguish them from those emitted by the 
radioactive dust, or fall-out. which settles over a wide area in the vicinity 
of an explosion. The fall-out may itself be active enough to cause radiation 
illness of a type similar to that described above and, in addition, it may 
contaminate and damage the skin with which it comes in contact. 


49. Following the firing of a thermonuclear weapon in the region of 
the Marshall Islands, the fall-out on one island was so heavy that it was 
compared to snow, and the inhabitants received an estimated average whole- 
body dose of 175 r. This fall-out did not cause any deaths, but it did produce 
a mild illness with early sickness and diarrhoea, a fall in the number of cells 
in the blood, loss of hair, and some ulceration of the skin contaminated by 
radioactive material. The skin lesions, caused largely by the higher local 
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dose of beta-radiation emitted by the fall-out, appeared about two weeks 
after exposure on those parts of the body which had not been protected by 
clothing, and took the form of spotted areas of increased pigmentation, from 
most of which the skin peeled off as if it had been sunburnt. In about 20 per 
cent of cases, deeper ulceration of the skin occurred but all wounds healed 
satisfactorily. 


Relationship between dose and incidence of effects 


50. For the purposes of assessing risk and defining standards of safety, it is 
necessary to know the nature of the relationship between the dose of radiation 
and the effect induced. This relationship may be a simple linear one in which 
the incidence of the particular disease increases strictly in proportion to the 
dose received, or it may be a curvilinear one in which, with each successive 
and equal increment in dose, the incidence increases not by an equal but by 
a progressively greater amount. All the evidence suggests that the relation 
between dosage and radiation effects occurring within a few weeks of exposure 
is of the latter type, and that the curve shows a ‘threshold’ level, implying 
that a certain quantity of radiation must be exceeded before these particular 
effects are produced. 


The Delayed Effects of Exposure to Radiation 


51. Delayed effects of radiation which have been observed locally in 
tissues heavily irradiated are atrophy and fibrosis of the skin and underlying 
soft tissues, and sudden breakdown or necrosis of tissues such as bone and 
cartilage. In rare instances cancer has subsequently developed in the damaged 
tissues. Cataract has occurred if the lens of the eye has been irradiated. The 
delayed general effects of radiation which are known, are the development 
of severe anaemias and leukaemia; in addition, evidence is beginning to 
accumulate from observations made on animals that irradiation may cause 
some shortening of the normal life-span. In our report we have dealt in 
considerable detail with leukaemia, because experience in Japan following 
the atomic bomb explosions in 1945, and the results of our own investigation 
on the incidence of leukaemia among irradiated patients, have provided more 
precise information on the effects of different levels of exposure than is 
available for any other of the delayed effects. 


52. The knowledge that long-term effects may be produced by radiation 
is in itself an insufficient basis for assessing the risk that any of them will 
develop as a result of a particular dose. For this purpose, it is necessary to 
estimate, from national mortality statistics, the incidence of the condition in 
the absence of exposure to radiation additional to that from natural sources, 
and then to compare this figure with the incidence of the same condition 
in a population that has been exposed to radiation. If an increase is 
demonstrated, the frequency with which the condition develops at different 
levels of radiation dose must be determined, and the relationship between 
the dose and the incidence of the disease must be evaluated. Only then is it 
possible to assess the hazards, if any, associated with the different uses of 
radiation. 


INDUCTION OF LEUKAEMIA 


53. Leukaemia is a disease in which uncontrolled over-production of the 
white blood-cells occurs. It is at present invariably fatal, although some 
forms may run a protracted course over many years. Several kinds of 
leukaemia are described according to the type of cell mainly affected. 
Usually, there is an increase in the number of the affected cells in the blood, 
associated with the appearance of immature forms of the cell in question. 
In some cases, however, the numbers in the blood may fall below normal 
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through failure to liberate the cells from their site of formation in the bone 
marrow ; the disease is then known as aleukaemic leukaemia. 


54. In many countries the death rates from leukaemia have shown a steady 
rise in recent years. In 1920 the crude annual death rate from this condition 
for both sexes in England and Wales, for example, was 11 per million 
persons ; in 1954 it was 49 per million. Some of this rise has undoubtedly 
been due to an improvement in diagnosis but it seems probable that this is 
not the whole explanation and that, for a reason as yet unknown, there has 
been a real increase in the national death rate from leukaemia. 


55. It is known that leukaemia may be induced in animals as a result of 
exposure to radiation. Case reports have appeared from time to time of 
patients who have developed leukaemia after exposure to radiation for the 
treatment of various diseases, and there have also been a number of reports 
of radiologists dying from leukaemia. Such isolated reports do not of them- 
selves prove that the relationship is one of cause and effect, but the matter 
has now been put beyond doubt by a series of recent observations on the 
incidence of Jeukaemia under conditions in which an estimate could be made 
of the degree of exposure to radiation. 


Leukaemia following a single exposure: atomic bomb explosions 


56. The most recent information, for which we have to thank the United 
States National Research Council, covers all cases of leukaemia recorded 
by the Atomic Bomb Casualty Commission in Nagasaki and Hiroshima 
between January, 1947, and August, 1955. Vital statistics allow an estimate 
to be made of the number of cases of leukaemia that would have been 
expected to occur over a similar period in a Japanese population not exposed 
to radiation from the bombs but otherwise comparable to the surviving 
populations of Nagasaki and Hiroshima. Calculations have been made for 
the combined totals of the survivors of the explosions in both cities 
(Appendix A). 


57. During the eight years from 1947 to 1954, about 25 deaths from 
leukaemia would have been expected in an unexposed Japanese population 
of the same size and having the same age and sex distribution as the 
combined populations of survivors from both cities. Over the same period, 
however, 91 proven and 14 suspected cases have been recorded among those 
present at the time of the explosion and still resident in one or other city 
at the time of diagnosis. The difference between the expected and the 
observed number of cases is so great that it is most unlikely to be due to 
chance. 


58. The difference between the numbers expected and those observed 
becomes even greater if the most heavily irradiated survivors are considered 
separately. Only for Hiroshima are adequate details available of the distances 
from the centre of the explosion at which the individual survivors had been 
exposed. In the absence of radiation, it is unlikely that even one case would 
have occurred among the number of survivors less than 1,000 metres distant, 
yet 15 cases have been found. Further, there is a much higher incidence 
among those who developed the early acute illness than among those who 
had, at the most, only mild symptoms. 


59. An examination of the incidence of leukaemia in relation to the 
distance from the explosion has been made for the survivors in Hiroshima, 
where the concentric distribution of the radiation was not affected to the 
same degree as in Nagasaki by the irregular distribution of the radio-active 
fall-out. The dose from the prompt radiation decreases as the distance 
from the explosion increases. In survivors who were 2,000 metres distant 
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or more, the incidence during the period January, 1947, to August, 1955, 
was about 2 cases in every 10,000 persons. Among those between 1,500 and 
2,000 metres distant, the incidence was about 3 to 4 cases per 10,000 persons, 
and for those at the shorter distances of between 1,000 and 1,500 metres and 
under 1,000 metres it was respectively about 28 and 128. 


60. To make an accurate estimate of the relationship between the dose of 
radiation and the incidence of the disease, one would have to substitute doses 
expressed in roentgen units for the distances from the centre of the explosion. 
It has not been possible to obtain reliable estimates of these doses, which 
should include not only the contribution from the gamma rays but also 
that from the neutrons emitted by the explosion and that from the radioactive 
fall-out. Tentative estimates of the gamma ray dose received by people 
standing in the open can be made from the information published in 1950 
by the United States authorities in ‘The Effects of Atomic Weapons’. These 
estimates suggest that the dose at under 1,000 metres would not be less than 
1,400r, and at 1,250 metres about 350r. At 1,750 metres it would be about 
50r, and at 2,000 metres about 8r. As a dose of 1,400r or more would kill 
everyone exposed to it, survivors who were within 1,000 metres of the 
explosion must have been heavily protected. An unknown proportion of the 
survivors at all the other distances must also have been protected to some 
extent because they were either indoors or, if outside, shielded by buildings. 
For this reason, it is not possible to indicate with any great confidence the 
average levels of dose received by survivors at different distances from the 
bomb and, in view of the uncertainty about the actual doses received by the 
exposed population, one cannot infer with certainty whether the relationship 
between dose and the incidence of leukaemia is a curvilinear or a linear one. 


61. For the Japanese cases which occurred up to the end of 1954, the 
average length of the period between exposure to the bomb and the first 
appearance of symptoms was about 6 years. It is clearly important to deter- 
mine whether there has been any tendency for cases to occur less frequently 
in subsequent years. The morbidity rate has therefore been examined year 
by year in both Hiroshima and Nagasaki, and it has been found that the 
recorded incidence has remained approximately constant in Hiroshima. in 
the period 1948 to 1954, and in Nagasaki in the period 1950 to 1954 
(Appendix A). This finding suggests that there is no sharply-defined peak year 
of occurrence, but that with this type of exposure the incidence of leukaemia 
rises, after a variable latent period, and then remains approximately constant 
up to at least the ninth year. 


Leukaemia following repeated exposures : radiotherapy 


62. Before 1955, there had been a report of leukaemia developing in two 
patients given X-ray treatment for ankylosing spondylitis. In 1955, two 
further publications directed attention to this possibility, and another reported 
the occurrence of leukaemia in young children who had been given X-ray 
treatment to the chest in infancy for suspected enlargement of the thymus 
gland. In an attempt to obtain further evidence on the occurrence of leukaemia 
as a delayed effect of irradiation, and in particular on the relationship between 
the dose received and the incidence of the disease, we have sponsored a survey 
of patients treated for ankylosing spondylitis with radiation. 


63. Ankylosing spondylitis is a disease which affects chiefly the joints of 
the spine, and to a less extent other joints, particularly those of the pelvis 
and the shoulders. It usually starts in early adult life and is about six times 
more frequent in men than in women. It causes severe pain and reduced 
mobility and, unless treatment is given, the affected joints may gradually lose 
their freedom of movement and the back become progressively stiffer. [n 
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severe cases all spinal movement is lost, chest expansion is greatly diminished, 
and the movements of other major joints restricted. The popular description, 
‘poker back’, is a very apt one. 


64. Some patients with this condition are benefited by X-ray treatment, 
which is given to relieve pain and increase mobility and which may perma- 
nently halt the progress of the disease. As treatment usually takes the form 
of irradiation of the whole spine in one course of radiotherapy, it involves 
exposing a large section of the body directly to the X-rays. In some patients 
one course of treatment does not suffice, and further courses have to be given, 
either to the spine or to the major joints, or to both. Indeed, this group of 
patients was chosen for our investigation because the treatment is so extensive 
that it more nearly approaches whole-body irradiation than that given for any 
other non-malignant condition. 


65. An analysis has been made of the hospital records of between 13,000 
and 14,000 patients, all of whom had been treated with X-rays at some time 
during the twenty-year period 1935 to 1954. Thirty-eight of these patients 
developed leukaemia, an incidence of only about one-third of one per cent ; 
yet calculations based on the national death rates over the same period 
show that even this low incidence is about ten times greater than would 
have been expected in the absence of irradiation. The possibility of such a 
difference being due to chance is so remote that we shall ignore it. 


66. Caution is necessary, however, in interpreting this finding. It is not 
possible to conclude immediately that the increased number of deaths from 
leukaemia is related to the X-ray treatment, in the way that the increased 
death rates among previously healthy people in Hiroshima and Nagasaki can 
be attributed to exposure to the radiations from the bombs. The possibility 
has to be considered that death from leukaemia would, even in the absence 
of treatment by irradiation, be a more frequent occurrence among sufferers 
from ankylosing spondylitis than among the normal population, or alterna- 
tively that ankylosing spondylitis in some way increases a_ patient’s 
susceptibility to irradiation. 


67. By courtesy of the Ministry of Pensions and National Insurance, it 
has been possible to examine the records of a group of about 400 male 
patients with ankylosing spondylitis who had never at any time been treated 
with X-rays. The fact that no increased incidence of leukaemia was found 
in this group suggests that ankylosing spondylitis does not of itself predispose 
a patient to the development of leukaemia. To confirm this point, it would 
be necessary to examine the records of a much larger group of unirradiated 
patients ; X-ray treatment is, however, so widely used for ankylosing spondy- 
litis that it may be difficult to do this. 


68. Clear evidence was, however, found in our main investigation for the 
existence of a relationship between the dose of radiation and the incidence 
of leukaemia. The dose was estimated in two different ways, firstly by 
calculating the total amount of energy absorbed in the whole body, and 
secondly by calculating the dose of radiation received in certain parts of the 
bone marrow. The first method demonstrated a curvilinear relationship 
between the incidence of leukaemia and the radiation dose, whereas the 
second method resulted in a linear relationship. Fortunately, over the range 
of doses likely to be met with in ordinary civil conditions, the difference 
between the two results is negligible. The theoretical implications of the two 
possible relationships are, however, very different and important and point 
the way to considerable future research. The data upon which the findings 
are based are summarised in Appendix B. 
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69. The average length of time between the first exposure to X-rays and 
the diagnosis of leukaemia was about six years. This period cannot be 
directly compared with that observed-in the Japanese cases, as many of the 
patients had had several courses of radiation before leukaemia was 
diagnosed, and it is not known which particular course was the effective one 
or whether all the courses may not, to some degree, have affected the 
development of the disease. Nevertheless, it may be concluded from both 
series of cases that the latent period for radiation-induced leukaemia is 
shorter than for radiation-induced cancers. 


Leukaemia following chronic exposure 


70. We have no precise knowledge of the incidence of leukaemia under 
conditions of chronic exposure. It has been reported that, relative to the 
numbers at risk, there are about nine times as many deaths from leukaemia 
among American radiologists as among other American physicians. This 
figure is based on a study of the obituary notices published in the Journal 
of the American Medical Association from 1929 to 1948, in which both 
the professional occupation and the cause of death are usually reported. In 
about a quarter of the notices, however, the cause of death was not reported 
and thus a bias may have been introduced into the results of the study. A 
review of all the published papers on this subject shows that there may 
well be an increased death rate from leukaemia among American physicians 
as a whole, compared with the general population, and in particular among 
American radiologists, but it is not possible to estimate the extent of the 
increase with any certainty. 


General conclusions on the induction of leukaemia 


71. The results of the investigations carried out by the Atomic Bomb 
Casualty Commission in Japan, and of our own study of the occurrence 
of leukaemia in patients with ankylosing spondylitis, leave no doubt that 
ionizing radiations can induce leukaemia in man, and that the average latent 
period between exposure and the development of the disease is only a few 
years. In neither of these situations were the conditions of exposure similar 
to those of persons engaged in work associated with a possible radiation 
hazard. Those exposed occupationally tend to receive radiation in small 
doses over long periods, and it is not yet known whether the dose-response 
relationship based on short periods of heavy exposure is directly applicable 
to such conditions. 


INDUCTION OF CANCERS 


72. The evidence for the induction of cancers by radiation consists chiefly 
of reports of the occurrence of cases under circumstances which make it 
reasonable to suppose that some at least were radiation-induced, and of the 
apparently increased frequency of a particular type of cancer, itself rare in 
the normal population, in persons exposed to heavy doses of radiation. Most 
of the information comes from the case-records of patients treated with 
radiotherapy and from those of workers in certain special occupations who 
in the past received very heavy doses of radiation in the course of their 
work. It is noteworthy that tumours following radiotherapy tend to develop 
in tissue already severely damaged by radiation, and that, compared with 
leukaemia, a much longer period—up to 20 years or more—usually elapses 
between the first exposure to radiation and the clinical appearance of the 
disease. 
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Cancer of the lung 


73. The mines of Schneeberg and Joachimsthal are rich in a variety of 
ores and, since the latter part of the last century, pitchblende, an ore 
containing radium and other radioactive elements, has been extensively 
worked there. It had long been known that the miners were liable to die 
in middle-life from a respiratory disease locally named ‘ mountain sickness’. 
It is now recognised that this condition is one of cancer of the lung and 
it is generally accepted that there is a strong connexion between the excessive 
mortality from this disease and the high radioactive content of the air of the 
mines. Investigations have suggested that, up to 1939, nearly one-half of the 
miners who had died had contracted lung cancer. 


74. The first decay-product of radium is a gas, radon, which in its turn 
disintegrates, giving rise to a series of products, all of which are solids. 
Radon, being a gas, diffuses through the rocks containing the radium ore, 
and escapes into the atmosphere of the mines. The inhalation of radon is 
known to constitute a serious hazard, and the International Commission on 
Radiological Protection has advised that the concentration of this gas in the 
inspired air should not exceed 0-0001 microcuries per litre. A series of 
measurements of the radon content of the air of the mines, made between 
1924 and 1939, showed that the concentration of radon must then have been 
on the average about thirty times greater than the maximum _ permissible 
level since laid down. The serious hazard incurred in breathing such an 
atmosphere comes, not only from the radon itself but also from its solid 
daughter-products which, being attached to dust particles in the atmosphere, 
may be retained in the chest and may irradiate the tissues of the lungs for 
long periods. 


75. The average latent period for the induction of lung cancer in these 
miners was about 17 years, and calculations have shown that the dose to the 
lungs during this period would have been equivalent to about 1,000 r. This 
calculation assumes that the radiation dose is spread evenly over the lungs, 
but it may well be that some areas of the lung, depending on the sizes of the 
radioactively-charged dust particles which are inhaled, may be subjected to 
doses of more than 10,000 r over a whole working life. It is consistent with 
other knowledge that tumours could be induced under these conditions, 
particularly when it is temembered that radium itself and many of its 
daughter-products emit alpha particles with high biological efficiency. 


76. The only conditions in which an increased incidence of lung tumours 
has been observed in association with radiation are those in which there is 
an increased risk of inhaling radon and the other daughter-products of 
radium. In theory, however, the inhalation of radioactive material in par- 
ticulate form, either as a result of fall-out from nuclear weapon explosions 
or in the vicinity of nuclear reactors, could lead to the accumulation of a 
high radiation dose within the lungs. Such particles would not be uniformly 
distributed within the lungs but would tend to aggregate on discrete small 
areas of the bronchi, which would thus be subjected to a high radiation dose, 
with the result that in the long run lung cancers might be produced in some 
people. In this country appropriate measures are always taken to eliminate 
the hazard in the vicinity of nuclear reactors, and it would be extremely 
unlikely to occur as a result of fall-out except in conditions of actual warfare. 
There is no evidence that external irradiation by X- or gamma rays can 
cause lung tumours in man. 


Cancer of the bones and joints 


77. Radium and the daughter-products of thorium, when assimilated into 
the body, tend to be held for long periods of time in the bones where, if 
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in sufficient concentration, they may give rise to local destruction and disease. 
A number of artificially produced radioactive isotopes, of which the most 
important are strontium and plutonium, also show this predilection for bone. 
Radioactive strontium exists in several forms, one, strontium 89, having a 
half-life of 53 days and another, strontium 90, of 28 years, while the half- 
life of plutonium 239 is about 24,000 years. A warning of the potential danger 
from these artificial elements is given by past experience of the effects of 
the natural elements radium, mesothorium and radiothorium after they have 
gained entrance to the body and become fixed in bone (Appendix N). 


78. Our knowledge of these effects comes mainly from the case-records 
of former workers in the luminising industry and of a group of patients 
given radium compounds internally in the course of treatment. Stringent 
controls are now enforced in the luminising industry to protect the workers, 
and the prescription of radioactive substances for treatment has been 
controlled by legislation. 


79. Since 1925 there have been many reports of illness and death occurring 
among a group of workers engaged in the painting of watch and clock dials 
with luminous paint, most of whom had been in the industry during the 
period from 1916 to 1924. Luminous paint is compounded of zinc sulphide 
and radium, and, formerly, varying mixtures of radium, mesothorium and 
radiothorium were also used. It was customary for dial painters to apply their 
paint with fine brushes, the points of which they ‘tipped’ between their 
lips before painting. In this way they swallowed radioactive material, some 
of which became lodged in the skeleton. If large amounts were swallowed, 
death sometimes occurred, within about three years, from severe anaemia, 
haemorrhages, and infections, particularly of the bones of the jaw. Those who 
had ingested smaller quantities of paint often developed cystic and necrotic 
changes in the bones which might cause ‘rheumatic’ pains or fractures. 
Occasionally, these changes progressed and cancer of the bones appeared. 
Such tumours usually developed more than fifteen years after the first 
exposure to the hazard. 


80. Similar effects have occurred in patients given radium compounds 
internally for the treatment of mental disease or for various rheumatic and 
other affections, and in people who, for quasi-medicinal reasons, have con- 
sumed large amounts of ‘radioactive water’. In animals strontium 90 has 
been shown to produce similar biological effects. 


81. It is possible to estimate the amount of radium in the body of a 
living person, if there is good evidence that no other radioactive element is 
present in addition to the normal components of the body. Measurements 
carried out on those who have been exposed to unknown mixtures, such as 
luminous compounds, are difficult to interpret. So far, no person is known 
to have developed radiation-induced bone cancer who had less than 3°6 micro- 
curies of radium in his body, unless either mesothorium or radiothorium was 
also present; the lowest radium content, in the presence of one or other 
of these elements, has been 0-52 microcurie at the time of appearance of 
the tumour. On the other hand, it seems certain that early non-cancerous 
cystic changes in bones have developed with a body-content of as little as 
0:4 microcurie of radium alone. These amounts of radium are to be con- 
trasted with the maximum permissible level for body radium, which, as laid 
down by the International Commission on Radiological Protection, is 0°1 
microcurie. 

82. Bone cancer has also been reported after the use of X-rays in the 
treatment of non-malignant bone tumours and some infections. Such cancers 
have occurred only after very heavy doses of radiation and have originated 
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in the area of the body treated. The risk of the development of bone cancer 
at the levels of X- or gamma radiation experienced under modern occupa- 
tional conditions is insignificant. 


Cancer of the skin 


83. Cancer of the skin was the earliest form of radiation-induced tumour 
to be described in man. Radiation dermatitis of the hands, forearms and face 
was common among the early radiologists and radiological technicians, and 
cancer often occurred in the damaged skin. By 1911 no fewer than 54 
cases had been described: the occurrence of these tumours diminished as 
radiologists learned to take the necessary precautions. 


84. Since the early part of the century, records have accumulated of the 
occurrence of skin cancers following X-ray or radium treatment. In some 
instances, these tumours have followed the injudicious use of X-rays for 
mild skin affections, or even for the removal of facial hair. The latent periods 
have usually been long, ranging in a recently reported series of 13 cases from 
12 to 56 years, with an average of 33 years, Although it is usually impossible 
to make any accurate retrospective assessment of the doses of radiation 
received, the severity of damage to the skin suggests that, in these cases, 
they must have been of the order of several thousands of roentgens. 


Cancer of the thyroid gland, the pharynx and the larynx 


85. A number of cases of cancer of the thyroid gland have been reported 
among children, some years after they had been given X-ray treatment for 
conditions including suspected enlargement of the thymus gland, bronchitis, 
infected tonsils and adenoids, and enlarged glands in the neck. In many 
instances, the children were less than one year old when irradiated. In a 
series of cases irradiated for suspected enlargement of the thymus gland, 
the average latent period between irradiation and the establishment of the 
diagnosis of cancer of the thyroid gland was only about 7 years. Perhaps the 
most important feature of these cases is the comparatively small dose of 
radiation responsible for induction of the tumour, in contrast to the large 
doses associated with the induction of cancer in adults; cancer of the 
thyroid gland has developed in a child after a recorded dose as low as 250 r. 
It is possible that hormonal factors may be involved in addition to the direct 
effect of irradiation. 


86. A few reports have drawn attention to the development, many years 
later, of cancers of the pharynx and larynx in patients who have had X-ray 
treatment for such conditions as tuberculous glands of the neck. The latent 
period is long, averaging about 20 years, and periods of more than 30 years 
have been recorded. In most cases, the irradiation was given in the early days 
of radiotherapy and there is practically no information available about the 
size of the radiation doses that were employed. 


EFFECTS ON THE BLOOD OTHER THAN LEUKAEMIA 


87. Observations have shown that a fall in the numbers of red cells, 
white cells and platelets in the blood may occur in persons exposed to radia- 
tion in the course of their work. There is little direct information on the 
dose-response relationships, but it seems possible that, even with whole-body 
doses of gamma rays as low as 1 r per week, slight changes can occur in 
the white-cell count of especially susceptible people. Certainly, with doses 
much in excess of 1 r per week, a general depression occurs in the white blood 
cell count. A reduction in the numbers of red cells and platelets may occur 
at a later stage, and in some persons continued exposure may lead to severe 
degrees of anaemia. 
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Aplastic anaemia 


88. If not detected in time, radiation-induced anaemias may endanger life, 
particularly when the red bone-marrow is itself so severely damaged that 
the red-cell deficiency cannot be made good by the production of new cells ; 
this condition is known as ‘aplastic anaemia’. The diagnosis is not easy 
to make, and the condition can easily be confused with aleukaemic leukaemia 
unless a full examination of the bone marrow is carried out. This diagnostic 
difficulty was encountered during the investigation of leukaemia among 
patients treated with X-rays for ankylosing spondylitis. Particular attention 
was paid to deaths reported as being due to aplastic anaemia but, when 
these cases were fully investigated, evidence was found that a number were, 
in fact, aleukaemic leukaemia; eventually, only four deaths could with 
any certainty be ascribed to aplastic anaemia out of a total of some 50 deaths 
from leukaemia, aplastic anaemia and allied diseases combined. Similarly, 
only six cases of aplastic anaemia were reported from Nagasaki, com-. 
pared with over 40 cases of leukaemia in the same city. It seems clear, 
therefore, that apiastic anaemia is a rarer delayed effect of radiation tham 
leukaemia. 


INDUCTION OF CATARACT 


89. The term ‘cataract’ implies an opacity in the normally transparent 
lens of the eye, varying from a tiny granule which does not cause any definite 
impairment of vision, and which may disappear, to a large plaque resulting 
in blindness. It has been known for some time that exposure of the eye to 
X-rays can lead to cataract formation, but the large doses which appear to 
be necessary for its induction are only likely to occur under very unusual 
conditions. For all practical purposes, therefore, the production of cataract 
by X-rays is not an occupational hazard, although it was discovered in 1948 
that the condition had developed among a group of physicists exposed to 
neutron irradiation during the operation of a cyclotron. 


90. In the following year there were reports from Japan of an increased 
incidence of cataract in the populations of Hiroshima and Nagasaki. The 
extent of the increase cannot be determined with precision, but it is significant 
that, of 98 cases of cataract among survivors of the Hiroshima explosion, 
85 occurred in persons who were within 1,000 metres of the centre of the 
explosion and would thus have been subjected to neutron- as well as gamma- 
irradiation. Confirmatory evidence of the high dosage which they had received 
is provided by the fact that most of them had suffered epilation of the scalp 
and that two subsequently developed leukaemia. 


EFFECTS ON THE SKIN OTHER THAN CANCER 


91. In the paragraphs dealing with the induction of skin cancers by 
irradiation, it was noted that cancers develop mainly in skin which has been 
subjected to such heavy doses of radiation as to be obviously damaged. 
Most of our knowledge of the less serious delayed effects on the skin has 
been obtained from observation of the results of therapeutic irradiation with 
X-rays, during which the skin may be exposed to large doses of radiation 
directed to underlying tissues. With doses of 1,500 r or more, a certain 
amount of permanent skin-damage is likely to occur, but it will not be par- 
ticularly severe unless a large area has been irradiated. Larger doses, however,,. 
say of 4,000 r or more, are often followed by obvious skin-damage, the texture: 
becoming thinner, and the surface being usually covered with dilated blood’ 
vessels. In such cases, the skin may be very sensitive and prone to infection,. 
and it is in this type of damaged skin that radiation-induced tumours are 
most likely to develop. 
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92. The hair follicles and glands of the skin may also be affected by 
radiation. A dose of the order of 300 to 400 r will cause temporary loss of 
hair, and with higher doses, perhaps 700 r or more, hair-loss may be 
permanent. It is a common finding that, owing to the destruction of the sweat 
glands, heavily irradiated skin permanently loses its ability to sweat. After 
doses of ‘the order of 1,500 r, the sebaceous glands are destroyed and the 
skin loses its normal greasy texture. 


EFFECTS ON THE KIDNEY AND LUNG 


93. It has been reported that therapeutic doses of X-rays to the region 
of the kidneys may affect their function and lead to the development of 
high blood pressure which may prove fatal. The damage described has 
followed the treatment of certain rare tumours with large doses of radiation 
and it is unlikely that such effects will occur under other conditions of 
exposure. It has also been reported that pneumonitis, sometimes fatal, has 
followed radiotherapy directed towards the chest. 


SHORTENING OF THE LIFE-SPAN 


94. A number of reports based on observations made on animals suggest 
that exposure to ionizing radiations may lead to a reduction in the expecta- 
tion of life. No evidence has yet been published that this occurs in man. 


The Effects of Exposure to Radiation during Pregnancy 


Abortion and stillbirth 


95. After heavy doses of radiation, a pregnant woman may miscarry 
or give birth to a stillborn child. Information from the Atomic Bomb 
Casualty Commission shows that in Hiroshima and Nagasaki there were 
higher abortion and stillbirth rates among pregnant women near the 
explosion than among those at greater distances. Of 98 pregnant 
women in Nagasaki who were within 2,000 metres of the centre of the 
explosion, about 23 per cent of those who had severe radiation illness 
miscarried, in comparison with only about 4 per cent of those who 
did not develop any severe illness, and with about 3 per cent of women 
who were between 4,000 and 5,000 metres distant. It is apparent that 
abortion and stillbirth as a result of irradiation during pregnancy do 
not constitute a problem unless the dose of radiation is large. 


Effects on the children of women irradiated during pregnancy 


96. There is considerable evidence, both from the case records of 
patients treated with radiotherapy and from reports published by the Atomic 
Bomb Casualty Commission, that heavy irradiation of pregnant women 
can lead to the birth of children who are either abnormal at birth or who 
later develop in an abnormal way. The case records of women therapeutically 
irradiated during pregnancy describe a number of different developmental 
abnormalities in their children, the most striking of which is the condition 
known as ‘microcephaly’; one such case was found during the course of 
our investigation of patients treated by X-rays for ankylosing spondylitis. 
The underlying cause of this condition is a partial failure of the develop- 
ment of the brain, as a result of which the head is smaller than that of 
a normal baby. All grades of the condition exist, ranging from the most 
severe, in which the child usually has to be maintained in a mental 
institution. to others in which there is only slight impairment of development 
and mental powers. 
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97. There are published records of eleven mentally-retarded children in 
Nagasaki and Hiroshima who were exposed before birth at a distance 
of between 700 and 1,200 metres from the centre of the explosion. Ten 
of the mothers of these children suffered acutely from the effects of radiation, 
and the eleventh probably did so. The head circumferences of all eleven 
children were appreciably less than those of unirradiated Japanese children 
of the same age-group and, in the cases among Nagasaki children, smaller 
than those of children exposed before birth at distances of between 4,000 
and 5,000 metres from the explosion, where the dose of prompt radiation 
would have been less than 1 r. The evidence from Hiroshima suggests 
that children irradiated between the twelfth and eighteenth weeks of intra- 
uterine life are more likely to develop microcephaly than children irradiated 
either before or after this period. 


The Effect on Fertility of Exposure to Radiation 
Permanent sterility 


98. It is well-established that irradiation may reduce the fertility of men 
and women, and even render them permanently sterile. In men, a single 
dose of 500 r to the testes would probably produce permanent sterility. 
The dose to the ovaries likely to produce the same result in women would 
depend to some extent upon the age of the woman concerned; a woman 
nearing the end of her reproductive life would require a smaller dose, 
about 300 r, than a woman in her early reproductive years. These levels 
of dose are so high that, if they were received in the course of whole-body 
irradiation, the individual would develop the early acute illness already 
described. It is extremely unlikely, therefore, that permanent sterility 
would be induced in any one accidentally exposed to a large whole-body 
dose of radiation, unless the acute illness had been manifest. 


99. Under modern conditions of occupational exposure, for example among 
radiologists and radiographers, there is no evidence of any impairment of 
fertility. Furthermore, there is no suggestion that female radiographers suffer 
from radiation-induced menstrual disturbances which might be accompanied 
by diminished fertility. 
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CHAPTER IV 
THE GENETIC EFFECTS OF RADIATION 


Introduction 


100. Nowhere in our report have we been more conscious of the difficulties 
of the task which we have undertaken, and of the limitations of the knowledge 
at our disposal, than in considering the genetic effects of radiation. The 
established scientific evidence in this field provides but an insecure basis 
on which to frame answers to the many important questions that are now 
being asked. Consequently we have been forced to make many assumptions 
of questionable validity and our conclusions must be regarded as provisional 
and treated with a measure of reserve. An essential part of future studies 
will be the collection of more detailed vital statistics. Moreover, it must 
be realised that genetic studies inevitably tend to be slow and that suffi- 
cient knowledge on which to base firm conclusions will be accumulated 
only after many years of intensified fundamental research. 


The Material Basis of Heredity 


101. In man and other sexually reproducing animals, every individual 
arises from a single living cell, which is formed by the fusion of two germ 
cells, an egg cell from the mother and a sperm cell from the father. Soon 
after it is fertilised, the egg cell divides into two; each of these divides 
again, to give a total of four, and this process is repeated until there are 
enough cells to give rise to all the organs and tissues of the body, among 
them the sex glands from which in time new germ cells will be formed. 


Chromosomes and genes 


102. Each cell contains within it a nucleus whose essential component 
is a number of microscopic thread-like structures, the chromosomes. These 
are aggregates of sub-microscopic particles—the genes—which determine 
the hereditary nature of the individual. The total number of genes in a 
cell is not known with any accuracy but it is certainly high, perhaps 
thousands or even tens of thousands in a human cell. Each chromosome 
carries a large number of them arranged in order along its length, so that 
each gene has its own special place, or locus, in a particular chromosome. 


Cell division 


103. The nucleus of each human germ cell carries 24 chromosomes, all 
of them different from one another. When egg and sperm come together, 
their nuclei also fuse, so that the fertilised egg contains a nucleus carrying 
48 chromosomes constituting 24 pairs. The members of a pair, derived 
one from the mother via the egg and one from the father via the sperm, 
normally correspond to each other both in the gene loci which they carry 
and in the order in which these loci are arranged. When the fertilised egg, 
or any later cell in the body, is about to divide, a replica is first formed 
of each of the 48 chromosomes. This makes it possible for the two cells 
so produced to receive sets of chromosomes exactly like each other and 
like those of the parent cell. The cell divisions immediately preceding the 
formation of germ cells, however, follow a somewhat different pattern, which 
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results in the egg or sperm receiving only one member of each pair of 
chromosomes ; thus the number that the egg or sperm contains is reduced 
to 24. 


Gene mutation 


104. In the normal course of events, each cell possesses a set of genes 
identical with those of the cell from which it is derived. Occasionally, how- 
ever, a sudden change occurs in a gene, which is converted into a slightly 
different form. The altered form of the gene is spoken of as a new allele 
and the process of change is known as mutation. Once such a mutation has 
occurred, the gene is reproduced and passed on in the new form at all 
subsequent cell divisions. Thus, each locus can come to be represented in 
the population by a number of these variants or alleles. 


Homozygotes and heterozygotes 


105. Having. but one chromosome of each kind, the germ cell carries only 
one allele at each gene locus, whereas the body cells, with a pair of each 
kind of chromosome, carry two alleles. These two alleles may or may not 
be exactly the same. An individual bearing two identical alleles is said 
to be homozygous at that particular locus; one with two different alleles 
is said to be heterozygous at the locus. A homozygous individual clearly 
must have received the same allele from each of his parents and he will 
pass it on to all his offspring. A heterozygous individual must have received 
different alleles from his two parents, and he will on the average pass on 
one of the two to half his offspring and the other to the other half. This 
sorting out of the genes when they are distributed to the offspring of a 
heterozygote is a direct result of the halving of the number of chromosomes 
during germ cell formation and is known as segregation. 


Gene reassortment 


106. If an individual is heterozygous for two or more loci, the process 
of segregation will result in his genes being reassorted into new combinations 
in his offspring. Thus, in the process of reproduction, the various alleles 
at the different loci are continually being reassorted into an immense variety 
of combinations, with the result that each person has a particular here- 
ditary constitution not exactly like that of anyone else. Each of us is, in 
fact, genetically unique, with the exception of identical twins, who are pro- 
duced when the fertilised egg—very early in its development—splits into 
two parts each of which gives rise to a complete individual. 


Dominant and recessive alleles 


107. Some alleles produce a noticeable effect only on those individuals 
who are homozygous for them. Such alleles and the characters which they 
determine are spoken of as recessive. Other alleles have some effect even 
when the individual is heterozygous, and the characters which these determine 
are described as dominant. Among the numerous genes which have been 
studied in man and other animals, all gradations are known between the 
extremes of fully recessive alleles, which have no effect at all on the 
heterozygote, and fully dominant ones which have as strong an effect on 
the heterozygote as on the homozygote. 


108. A dominant allele which is being transmitted in a family will be 
manifest in every generation unless it dies out. A recessive allele, on the other 
hand, can be transmitted to later generations by an individual who shows 
no sign of carrying the allele in question. The character produced by such 
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a gene will appear from time to time in the population, in families where 
both parents carry the gene ; this is especially likely to occur where there is a 
marriage between cousins. 


Sex-linked genes 


109. There is a special category of genes whose transmission is connected 
with the determination of sex. The sex of an individual is determined by one 
particular chromosome pair. In the female, both chromosomes of the pair 
are similar; in the male, one is of another type. Thus, the structure of the 
female sex chromosome pair can be represented as XX, that of the male as 
XY. Genes carried on these chromosomes are Said to be sex-linked, but the 
Y chromosome, having few geni loci, has little effect on most hereditary 
characters. If a male contains an abnormal allele on his X chromosome, 
he will show its effect, even if the same allele situated on one of the two 
X chromosomes of a female would be recessive. If a recessive sex-linked 
gene is uncommon, it will occur only very rarely on both the X chromo- 
somes of a female and the characteristics it produces will therefore not often 
be found in females. They will be comimoner among males, who will be 
affected whenever their single X chromosome contains the allele. The 
apparently normal females can, however, transmit the chromosome carry- 
ing the affected gene to the next generation, and so act as carriers of the 
abnormality. The classical example of this type of condition is the disease 
haemophilia, which appears in males but is transmitted by apparently 
normal! females. 


Continuous variation 


110. Not all gene differences have effects which are sufficiently distinct 
to be recognised by their segregation among the members of a family. As 
can be seen in human stature and intelligence, for example, some charac- 
teristics vary by continuous gradations over a wide range which is regarded as 
normal. Such characters are believed to be controlled by the combined action © 
of a large number of genes, the effects of which are supplementary and each 
so small that they are not individually distinguishable. 


Causes of mutation 


111. Reference has already been made to the process of mutation by 
which one allele changes into another. We do not know all the factors which 
cause mutation. It is believed to be due sometimes to chance disturbance 
of the complex molecules which constitute the genes, and sometimes to 
external influences such as certain chemicals or natural background radia- 
tion. We shall discuss later the extent to which naturally occurring muta- 
tions are likely to be attributable to background radiation, but from observa- 
tion of organisms other than man it is known that other causes can be 
important. Present evidence suggests that mutations, whatever their origin, 
are for the most part random changes not specifically related to the nature 
of the stimulus or to the needs of the individual. 


Mutation rate 


112. So far as is known, all genes are subject to mutation, and, over the 
population as a whole, mutation is continually occurring at a definite but 
very low rate (Appendix C). Factors influencing mutation increase the rates 
at which the genes change; they do not produce changes of a novel type. 
Most genes, if not all, are susceptible to such factors, though some may be 
affected more readily than others. No methods are yet known for stimulating 
the mutation of only one particular gene, or even of a small selected group 
of genes. 
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Mutation and natural selection 


113. The hereditary variation found in human or other populations is 
the result of mutations which occurred in past generations. New alleles 
which cause abnormalities harmful to those who possess them tend to be 
eliminated from the population. Thus, a new dominant allele causing death 
before the reproductive age, or for some other reason preventing the 
individual from leaving descendants, is eliminated in one generation. Those 
with less drastic effects are eliminated with a speed related to the severity of 
the handicap which they impose. Recessive alleles, which give rise to harmfui 
conditions only when they are in the homozygous state, are also eliminated, 
but very slowly, since the allele can continue to exist or to spread in the 
heterozygous state without contributing any significant handicap to the 
perpetuation of the line. Thus, in the case of both dominant and recessive 
harmful alleles. natural selection is constantly operating towards their 
removal from the population. Equally, it will operate even against genes 
whose effects are valuable to the individual during his own lifetime, if they 
reduce his chances of leaving offspring. 


114. For alleles which increase the chances of leaving offspring the 
situation is the reverse. Those individuals in which these effects are manifest 
are more than ordinarily likely to propagate their kind, so that their 
descendants tend to become the predominant type. Many, but perhaps not 
all, of the genes which tend to increase fertility will also have effects which 
are useful in other ways to the individual in whom they are manifest; they 
can be considered as generally advantageous. 


115. Between these clear-cut examples there are genes with every gradation 
of effect. The manifestations of genetic abnormality in the individual may 
vary from the trivial to the disastrous. The action of some genes is delayed 
until after the end of the reproductive period of life and they are therefore 
largely immune from the eliminating influence of natural selection. There 
are genes which are harmful whether the individual carrying them is 
homozygous or heterozygous; there are others which are advantageous to 
heterozygotes and harmful to homozygotes. The relative prevalence of any 
particular allele, in any particular population, can be understood only in 
the light of the relationship between the environment and the advantages 
or disadvantages of the condition to which the allele gives risc. 


Genetic equilibrium 

116. As natural selection is constantly operating towards the elimination 
of harmful genes from the population, the incidence of the conditions to 
which they give rise would steadily decrease, were it not that they are being 
replenished by the occurrence of new mutations. Their frequency will there- 
fore tend to reach the Jevel at which their loss by selection is balanced by 
new mutation. A state of genetic equilibrium has then been reached. This 
is the situation with regard to many of the more harmful abnormalities in 
man, the incidence of which remains relatively steady in the population 
despite the failure of those affected to leave normal numbers of offspring. 


The general effects of increasing mutation rates 


117. The above considerations suggest the broad qualitative effects which 
can be expected to follow an appreciable increase in mutation rates. At 
this present time, the advantageous alleles that have appeared in the past are 
already widespread and will have become part of the normal constitution 
of the population. An increase in the rate at which they are produced can 
therefore have little effect. The harmful alleles, on the other hand, have 
been restricted to a low incidence by the operation of natural selection. A 
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significant increase in the rate at which these are produced will therefore 
have a more easily detectable effect. The general inference is that increasing 
the mutation rate in a human population would have a relatively much 
greater effect upon the incidence of harmful than upon that of harmless or of 
advantageous hereditary traits. 


Mutation and the adaptability of populations 


118. Mutation provides the means by which the human race, through 
hundreds of thousands of years, has successfully adapted itself to its environ- 
ment. There is no reason to believe that this adaptation has proceeded by 
sudden and conspicuous changes in human characteristics. The consensus of 
opinion is that evolution has occurred by a succession of small variations 
from the average, which conferred a slight but eventually important advan- 
tage in relation to the trend of environmental change. It is the existence of 
this galaxy of hereditary traits, varying only slightly from the accepted normal, 
that has conferred adaptability upon the human race. The recurrence of a 
small but steady incidence of harmful mutations is the price that has to be 
paid for this asset. 


The Genetic Effects of Radiation : Basic Principles 


119. There is as yet little direct information about the genetic effects of 
ionizing radiations on man and, for reasons which we examine later, the few 
observations that have so far been made present many difficulties of interpre- 
tation. We have therefore to rely on information obtained from experiments 
on other organisms. The experimental evidence is itself incomplete and largely 
derived from observations on forms of life other than mammals, but a general 
picture is beginning to emerge which appears to be consistent for the 
organisms which it has been practicable to study. The question arises, how- 
ever, to what extent it is justifiable to draw inferences concerning man from 
the reactions of remote organisms observed under the artificial conditions 
of laboratory experiment. Since the genetic mechanism in man is the same 
as that in other animal and plant species, and since the animals and plants 
that have been studied all show the same type of genetic response to ionizing 
radiations, it would be unreasonable to suppose that the response in man 
will do other than follow the same general pattern. On the other hand, we 
do not think that conclusions derived solely from observations on other 
organisms offer a secure basis for quantitative estimates concerning man 
and, except where we have explicitly stated the contrary, we have not used 
them for this purpose. 


Effects of radiation on germ cells 


120. Ionizing radiation will have genetic consequences only in so far as it 
affects any of the germ cells or the cells ancestral to them in the reproductive 
organs. It may then have one of three results: the affected cells may die, 
their chromosomes may be broken, or the genes may be caused to mutate. 


121. Death of a germ cell, or indeed of any cell ancestral to it, can have no 
genetic consequence, because this very death will terminate the lineage of 
cells to which it belongs. 


Chromosome structural change 


122. Chromosome breakage may also lead to death of the cell lineage. 
Broken chromosomes may fail to reunite or they may join up to give new 
forms of chromosomes which are incapable of passing through the process 
of cell division in the normal way; either of these circumstances Jeads to 
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subsequent death of the cell lineage. If the damage occurs in an immature 
germ cell in the sex gland, the cell lineage will usually die before mature germ 
cells are formed, and there will be no genetic consequences. If it occurs in a 
mature germ cell which later participates in fertilisation, the ensuing embryo 
“atuosaooeee die early in gestation, and the ultimate genetic effects will be 
minimal. | 


123. Chromosome breakage may, however, have a different outcome if the 
fragments reunite in new patterns which are capable of passing through 
cell division. The resulting kinds of structurally changed chromosomes may 
be transmitted to apparently normal offspring, and at least one type of 
change will manifest itself by the occurrence of repeated abortions or mal- 
formations among the descendants of the irradiated individual. Experiments 
on mammals indicate that this inherited effect will appear only if conception 
takes place within a few months of irradiation. 


124. Such structural changes of the chromosomes are induced especially 
by large single doses of radiation, for example heavy doses of X-rays 
or the prompt radiation from atomic bombs. They are induced only rarely 
by long-continued exposure to low-intensity X- or gamma _ radiation, 
although relatively small doses of neutrons or alpha particles are more 
effective in bringing them about. 


125. Although they may cause partial sterility or abortion in their carriers, 
major structural changes of the chromosomes do not as a rule bring about 
other kinds of abnormality in individuals bearing them. For this reason, 
and also because of their low rates of spontaneous occurrence and induction 
by chronic irradiation, and of the probability of their having an adverse 
effect on fertility, chromosome structural changes are likely to be of com- 
paratively little importance among the radiation hazards to man. 


Induced gene mutation 


126. The third and, from the genetical point of view, the most important 
effect of exposing germ cells to additional radiations is the induction of 
increased gene mutation. Since all germ cells from time immemorial have been 
continuously exposed to some radiation from natural sources, it would be 
surprising if exposure to additional radiation were found to induce any 
novel types of mutation. The results of experiment support this view: the 
types already known recur, but at an enhanced rate. 


Proportionality of induced gene mutation to additional radiation 


127. There is no known threshold for the induction of gene mutations 
by radiation: that is to say, any additional exposure, no matter how 
small, must be expected to raise the mutation rate, if only by a minute 
amount. Furthermore, to judge by our experience up to the present. it is 
probably true that the rise in the rate of mutations is directly proportional 
to the amount of additional exposure. This law is known to hold good, for 
such organisms as have been studied, when the radiation dose is fairly 
high. It is also known to hold good for the induction of one class of lethal 
genes in the fruit-fly, Drosophila melanogaster, by X-ray doses as low 
as 25 r. In this chapter of our report we are chiefly concerned with doses 
well below this level; but, for the present, there does not appear to be 
sufficient evidence to warrant the assumption that there is any real departure 
from this law even at the lowest doses, and proportionality has therefore 
been accepted as the basis of what follows. 
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Accumulated dose to germ cell lineage 


128. Cells arise only from pre-existing cells. Mature germ cells are 
produced from a line of ancestral immature cells which have been present 
at every instant during the individual’s life, from conception onwards. It will 
be remembered that mutated genes reproduce themselves as faithfully in a 
cell lineage as do the normal genes from which they arise. In consequence, 
the mutated genes arising throughout a germ cell lineage will be accumulated 
in the mature germ cell, and a given radiation dose will therefore have 
the same order of effect whether it is given over a short or a long period 
of time. In other words, long continued exposure to low-intensity radiation 
induces as much gene mutation as a single exposure to high-intensity 
radiation, provided that the total dose is the same. Experiments have shown 
that this probably remains true even when the dose is split into a series of 
small fractions, and no matter what interval elapses between the separate 
irradiations. Thus, in contrast to most other types of biological response to 
radiation, damage to the genetic material cannot be repaired and the effect 
from repeated exposures is cumulative. 


Genetically effective dose to a population 


129. This cumulative effect of radiation indicates that the genetic effects 
of exposure will depend on the ages of the individuals exposed as well as 
on the dose they receive. If, for example, all are past the reproductive 
age, the genetic effects will be nil; if they are younger, the possible number 
of offspring they may have is of importance. The age distribution of those 
exposed is therefore an important factor to take into account when estimating 
the consequences to future generations of additional radiation. 


The Effects of Increased Mutation Rates on the Incidence of Disease 
in Human Populations 


130. In approaching the problem of making some quantitative assessment 
of the genetic effects of radiation upon a human population, we have been 
very conscious of the inadequacy of the evidence in two essential respects. 
First, we do not know the dose of radiation required to double the mutation 
rate of any specified human gene; secondly, there is reason to suspect that 
the radiosensitivity of human genes may vary considerably, so that it could 
be very misleading to treat them as an approximately uniform group which 
would respond to any particular dose of radiation with a standard increase in 
mutation. 


131. It is, however, possible to give a general idea of the effects of an 
increase in the mutation rate of particular human genes without raising the 
question of dose or degree of uniformity in sensitivity to radiation. We have 
therefore taken selected examples of diseases in which genetical factors are 
known to play an important part, and have attempted to assess the effects 
in a human population of doubling the spontaneous mutation rates of the 
renes concerned, without specifying the agent or agents causing this increased 
rate of mutation. 


132. The role of heredity in the production of disease ranges from that 
of a predisposing to that of a preponderating cause. Thus, there is some 
evidence that heredity is a factor influencing susceptibility to tuberculosis ; 
but this could be of no significance unless the individual were infected 
with tubercle bacilli. On the other hand, achondroplasia, a form of dwarfism, 
is probably determined entirely by genetic factors, in the sense that no known 
modification of the environment can prevent its appearance in those who 
possess the necessary gene. 
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133. In making our assessment we have confined our attention to those 
conditions which impose a significant handicap and which are determined, 
entirely or to an important extent, by hereditary factors. To put it another 
way, our object has been to give an assessment of the social load that would 
be imposed upon a population, like that of this country, by increasing 
mutation rates. We propose to consider two possible situations: first, when 
the mutation rate of every gene concerned is supposed to have been doubled 
in one generation only, thereafter reverting to its former level, and secondly 
when the rates having been doubled remain at that new level generation 
after generation. 


THE EFFECTS OF ‘DOUBLING MUTATION RATES ON DISEASES 
DUE TO A SINGLE GENE 


134. For abnormal genes with effects which are masked in any way, 
either by normal alleles—as in recessive traits—or by the influence of 
environment, mutation has less immediate or less apparent consequences 
than for genes with effects which are directly manifest, as in dominant 
traits. Severely disabling dominant diseases reveal the results of recent 
mutation most readily. Sex-linked traits show a less rapid response. The 
effects of genes which produce recessive traits are masked until two genes 
come together in the homozygous state; hence, the results of their recent 
mutation will be less noticeable, although in the course of time their full 
effects will appear. Where a gene is common and mainly benign, but can 
occasionally cause disease, the results of its recent mutation will be scarcely 
detectable. 


135. The effects which might be expected to result from an increase in 
mutation rates can most easily be calculated for diseases known to be caused 
by single genes (Appendix D). For this purpose we need to know what pro- 
portion of cases in a given generation is due to recurrent fresh mutation. The 
incidence of the particular disease in the population must be ascertained ; 
sO must its mode of inheritance (dominant, partially recessive, recessive or 
sex-linked), the degree to which it handicaps or favours the affected indi- 
viduals—as shown by their length of life and reproductive capacity—and the 
modifying effect, if any, of environmental factors. This information is 
available for only a relatively few conditions and much more research 
will be required before we can feel reasonably confident in making 
estimates for groups of diseases. To illustrate the different types of effect, 
we have chosen three examples about which we have some fairly accurate 
information. 


(i) A dominant trait 


136. Achondroplasia (chondrodystrophia) is a dominant form of dwarfism. 
Although there are many clinical types, it will be assumed for the present 
purpose that the condition is due to a single gene with a manifestation which 
is independent of environmental factors. The incidence at birth, according 
to Danish estimates, is one in 9,400. Biological fitness is greatly reduced 
on account of high stillbirth rates and also, in adult life, on account of 
low fertility, especially of females. The chance that an affected individual 
will have offspring is estimated at only 1 in 5. The majority of cases are 
believed to arise through fresh mutation. 


137. Doubling the mutation rate of the causal gene for one generation 
would produce an 80 per cent increase in the incidence of the condition in 
the first generation, that is the incidence at birth would rise to nearly one 
in 5,000. The excess would, however, rapidly disappear and within five 
or six generations the incidence would return to normal (Fig. la). If the 
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mutation rate were permanently doubled, the incidence would rise to a 
level close to double the present figure (i.e. 100 per cent increase) within 
three or four generations (Fig. lb). 


(ii) A sex-linked trait 

138. The term haemophilia covers a group of sex-linked traits in which 
there is impairment of blood clotting. For the present purpose it will be 
assumed that all severe cases are caused by abnormal alleles at a single locus. 
The incidence is at least 1 in 12,000 of the male population at birth and 
the chances that an affected male will survive and have descendants is about 
one in eight. Females carrying the abnormal gene are healthy and have 
normal chances of reproduction. Doubling the mutation rate for one genera- 
tion would produce a 29 per cent increase in incidence in the following 
generation, that is, the incidence would rise to about 1 in 9,300. In the next 
generation this level would be sustained but thereafter it would sink back 
moderately quickly towards the previous level (Fig. la). If the mutation 
rate were permanently doubled, the incidence would rise to 90 per cent 
above the previous level in about six generations, and thereafter slowly 
approach the point where the incidence was doubled (Fig. 1b). 


(iii) A recessive trait 

139. Phenylketonuria is an example of a deleterious recessive trait asso- 
ciated with severe mental deficiency. Its incidence in the population at 
birth is about 1 in 40,000 and, although the early mortality is not high, the 
chance that an affected person will have offspring is practically nil. A doubling 
of the mutation rate in one generation would cause an increase of one per 
cent in the incidence of the disease in the first generation. If allowance were 
made for the effects of inbreeding, a further small increase would be 
predicted sometime after the second generation and this would be followed 
by a very slow return to the previous level (Fig. la). The response to a 
permanent doubling of the mutation rate would be a slow rise by almost 
equal increments. It would take more than 50 generations of 30 years each 
to increase the incidence by SO per cent, and many more to approach an 
increase of 100 per cent (Fig. 1b). 


THE EFFECTS OF DOUBLING MUTATION RATES ON BROAD 
GROUPS OF DISEASES 


140. The three examples given above illustrate the kind of result to be 
expected from doubling the mutation rates of genes representing each of the 
three classical types of genetical effect. A large number of dominant, sex- 
linked and recessive diseases are known; many of them are rarities but 
together they may account for a relatively large proportion of serious 
hereditary disability in the populattron. However, to give an idea of the 
extent of the problem of hereditary disability, and the total results of 
doubling the mutation rates of the genes which are responsible, common 
categories of illness must be considered. Our information, from the genetical 
point of view, is unfortunately not often precise and, in addition, the effects 
of genes are in many cases modified by environment. Mental diseases and 
mental deficiency, when taken together, account for nearly half the hospital 
beds provided in this country and are the most extensive inclusive category in 
which hereditary causes are known to be important. We shall first consider 
severe mental defect and then the two main types of mental illness. 


(i) Severe mental defect 

141. The incidence in the population of cases of severe mental deficiency 
which survive has been estimated to be about 1 in 500. It is higher than this 
at birth but subsequently reduced by the heavy mortality in early life. Beyond 
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this, there are grossly affected individuals, many with malformations of the 
nervous system, who are stillborn or who do not survive early infancy but who 
would have been mentally defective had they lived; the incidence of such 
cases is at least 1 in 200. The number of cases of severe defect at all ages 
surviving in England, Wales and Scotland may be nearly 100,000. The 
fact that not far from 30,000 hospital beds are provided for these cases 
indicates the extent of the medical care required. 


142. In this broad category of disease, conditions with dominant inheritance 
include epiloia (sebaceous adenoma with tuberose sclerosis), several types 
of acrocephaly, hypertelorism and neurofibromatosis. In such diseases, many 
of the severely affected cases, say one half, can be attributed to recurrent 
fresh mutation. Doubling of all the mutation rates, for one generation, would 
have a large effect in the subsequent generation, and a permanent doubling of 
the mutation rates would soon permanently double the incidence. We may 
suppose that diseases such as these, collected together, form four per cent of 
all surviving cases of severe mental defect, as shown in Table 1. If all mutation 
rates were doubled, this would add 50 per cent to the numbers of these cases 
in the first generation, that is to say two new cases in every 100 in the whole 
category, an increase which would mean a thousand extra cases requiring 
medical care. 


TABLE 1 


Effect of doubling mutation rates of genes concerned with severe mental 
deficiency : cases per generation classified according to probable causation 


Surviving 
cases of Increase in first 
Probable severe mental generation if 
causation deficiency mutation rates 
under present are doubled 
conditions 


(i)* (ii)t (i)* (ii)t 


Type of Diagnosis 





Acrocephaly 

Epiloia ity 

Neurofibromatosis 
et cetera 


Dominant gene... x4 4:0 2,000 2-00 1,000 


Microphthalmos 
Gargoylism 
et cetera 


Sex-linked gene ... rai , 0-15 75 


Amaurotic idiocy 
Cerebral diplegia 





Phenylketonuria Recessive gene ... | 40:0 20,000 0-40 200 
‘True’ microcephaly 
et cetera 
Mongolism es ... | Environmental influence 
plus common genetical 
susceptibility ... p) 12:5 | 6,250 2+ 2+ 
Others... 26 oft Miscellaneous, including 
birth injury and infec- 
tion *”". ri ae ae OO eT 00 2+ 2+ 
Ee TADS Mea ae es 100-0 50,000 | 3-0 — 1,500 
(approximate 
figures) 





* (i) percentages based upon all cases in the category. 
¢ (ii) numbers which would occur in a generation of 20 million births. 
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143. A few rare diseases causing severe mental defect are known to be 
due to sex-linked genes, for example one type of microphthalmos and one 
type of gargoylism (Hurler’s syndrome). The contribution of this group 
to the total number of defectives is small and can hardly exceed half of one 
per cent of severe cases. Nevertheless, for the reason given above, diseases 
of this kind must be due to genes with significant mutation rates: if these 
rates were doubled in one generation, the incidence at birth of the diseases 
would be increased by nearly one-third, as in haemophilia. After a doubling 
of the mutation rates in one generation, there would be an increase of 0°15 per 
cent in the total number of cases of severe mental defect, or 75 extra cases 
requiring medical care. 


144. Other important known genetical causes of mental defect are recessive 
conditions, such as the two kinds of amaurotic idiocy, phenylketonuria, 
cerebral diplegia, and ‘true’ microcephaly. Known conditions caused in 
this manner account for 20 per cent of low grade mental defect and the same 
type of causation may easily account for twice as much as this. The case 
frequency of these traits individually is low, that is about one in 40,000 in the 
population at birth; about 20 conditions of this type are already known 
and perhaps another 20 may exist undetected. Since these diseases are all 
very deleterious, so that those affected scarcely ever have offspring, it is 
generally accepted that the genes causing them arise continually by spon- 
taneous mutation. As previously explained, the reason for this assumption is 
that the incidence in the population can only be maintained if loss of genes 
through failure of reproduction is balanced by an equivalent appearance of 
new mutations. From this consideration the mutation rates can be estimated 
for these recessive traits but the method is indirect and the results are impre- 
cise ; they are likely to be too high. A doubling of mutation rates in one 
generation would cause a one per cent increase in the incidence of each lethal 
recessive trait the original incidence of which is one in 40,000. If 40 per cent 
of severe mental deficency were determined in this manner, doubling mutation 
rates would cause an increase of 0:4 per cent in the whole category or 200 
extra cases requiring medical care. 


145. The problem of mongolism, a disease responsible for between 10 and 
15 per cent of all cases of severe mental defect living in the population 
requires separate consideration. There is strong evidence of a genetical 
element in the causation but maternal age is also a very significant factor. 
The hereditary predisposition must be very common and only harmful 
in exceptional circumstances. Although a slight increase in incidence might 
be expected as a result of doubling mutation rates, the nature of the pre- 
disposition is so imperfectly understood at the present time: that it does 
not seem useful to make a numerical estimate for this condition. 


146. As shown in Table 1, 43 per cent of the cases are not yet accounted 
for. Among these, there must be a large group in which iniury or infection 
is the main cause, perhaps 15 per cent of all cases of severe mental 
defect. A still larger number are of quite unknown origin, although 
genetical factors may have some influence. Furthermore, there may be a 
residual proportion of cases due to relatively common genes, acting either 
singly or in combination with one another, on which the effect of increased 
mutation could be appreciable. It is impossible to make quantitative pre- 
dictions about mutation for this group with unknown causation but the 
number of cases ordinarily caused by fresh mutation must be very small. 


147. The conclusion is that, after doubling the mutation rates, an overall 
increase of three per cent in the category of low grade mental deficiency in 
one generation is possible; in a generation of 20 million births the known 
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surviving cases would number 50,000 and an increase of three per cent would 
mean 1,500 additional cases requiring care. If the mutation rate remained 
permanently doubled, the incidence in the population would, on the most 
pessimistic assumptions, eventually, after very many generations, double also 
and twice as much medical care would accordingly be needed. 


(ii) Mental illness 


148. Current theories concerning the genetical factors underlying mental 
illness imply that a small but substantial proportion of cases must owe 
their origin to the recurrence of mutations. This is almost certainly true 
for Huntington’s chorea, a rare dominant disease. For the common disease 
groups, schizophrenia and manic-depressive reaction, the situation is less 
clear. According to figures for 1954, there were approximately 63,000 cases 
of schizophrenia and 31,000 cases of manic-depressive reaction under hospital 
care in England, Scotland and Wales. Since these diseases account for about 
half of all mental illness, it may be worthwhile to attempt a rough estimate 
of the effects of changing mutation rates upon their incidence. 


149. Theoretically, any genes responsible for conditions, like mental illness, 
which lower biological fitness to a marked degree would have been 
eliminated from the population, or would have become very rare, unless 
they had been continually replaced by fresh mutation. However, there are 
uncertainties about the relevant facts concerning the genetics of schizophrenia 
and manic-depressive reaction. First, the incidence of these diseases in 
the population is not accurately recorded; secondly, the biological fitness 
of predisposed and even of affected individuals has not been fully investi- 
gated; thirdly, the nature of the genetical contribution is known only 
by surmise ; and, fourthly, nothing definite is known about possible com- 
pensating mechanisms which might, if they existed, make unnecessary the 
assumption of gene replacement by spontaneous mutation. 


150. Calculation, on the basis of elementary and simplified assumptions 
about gene action, leads to the conclusion that doubling the mutation rate 
might have the effect of raising the incidence of schizophrenia by a factor 
of one per cent and of manic-depressive reaction by a factor of 1:4 per 
cent in the first generation. It is not possible to estimate the number of 
extra hospital beds which this proportional increase in frequency of genetical 
predisposition would imply. We can, however, obtain an idea of the expected 
number of extra chronically incapacitated patients from the calculations 
set out in Appendix E. The total number of such cases which would 
appear among the first generation of 20 million births after doubling mutation 
rates would be 200 schizophrenics and 200 manic depressives. The number 
of extra patients needing psychiatric care at one or other time during their 
lives, on account of these genetical predispositions, would be from 5 to 10 
times as great. A permanent doubling of mutation rates would have in each 
succeeding generation an effect similar to that in the first generation. Thus, 
over a very long period of time, the number of cases would slowly increase 
until the limiting value of twice the initial number was approached. 


(iii) Blindness 


151. A frequent cause of severe disability is blindness. The extent of the 
morbidity is shown by the fact that every year, in England and Wales, 12,500 
new cases of blindness are registered. These include cases of developmental 
abnormality, tumours, metabolic diseases and the results of injury and 
infection. The genetical background is extremely varied but at least half of 
the hereditary cases can be attributed to single genes, often recessive like 
those causing retinal degeneration, though a few are dominant like that for 
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retinoblastoma ; some are known to be sex-linked. High myopia is believed 
to have a complex genetical background. The important cases from the 
present point of view are those with onset in early life and about three- 
quarters of all such cases of blindness are thought to be hereditary. About 
300 children between the ages of O and 15 years are registered as blind 
annually. Severe cases in the causation of which mutation is likely to play 
an important part will mostly be in this group which includes aniridia, 
microphthalmos and retinoblastoma. The mutation rates for these dominant 
diseases are listed in Appendix C. Assuming that these figures apply to 
England, Wales and Scotland, we can estimate that, in one generation of 
20,000,000 births, there would be 80 cases of aniridia, 80 cases of micro- 
phthalmos and (using the mean of three estimates) 560 cases of retino- 
blastoma due to spontaneous mutation in ordinary circumstances. These 
numbers would be almost doubled if the mutation rates were doubled for 
one generation. If the mutation rates were permanently doubled, this increase 
would be continued until the total incidence of these diseases was doubled, 
as was calculated for achondroplasia. 


152. Numerous cases of blindness due to recessive conditions are known, 
and some have sex-linked inheritance. Figures for the incidence of these traits 
are not well enough established for the effects of doubling mutation rates 
to be estimated. 


(tv) Neonatal deaths, stillbirths and congenital malformations 


153. An increase in mutation rates would be expected to have an effect 
upon the abortion, stillbirth and neonatal death rates and upon the incidence 
of congenital malformations. These deaths and malformations are known 
to be caused in large part by the environment of the unborn child, which 
may be affected by illnesses and other conditions in the mother. Many may 
be due to single recessive genes, some to chromosome abnormalities and 
others are known to be caused by immunological incompatibility between 
mother and foetus. For these reasons we have not found it possible to make 
detailed calculations of the kind used above fcr other conditions, but it is 
certain that the total effects of doubling mutation rates in one generation 
would be slight. Observations on these foetal conditions in actual circum- 
stances where the mutation rates might have been increased have been made 
on human populations and are discussed below in paragraphs 162 to 170. 


THE OVERALL LOAD OF ILLNESS IMPOSED BY DOUBLING ALL 
MUTATION RATES 


154. We have expressed the opinion that, from the standpoint of the social 
load imposed, mental diseases constitute the most important single category 
of disease which is determined to a marked degree by heredity and 
which is serious, in the sense both of being highly harmful to the individual 
and of making heavy demands on medical resources. We are aware that 
this is only an opinion and that others may have different views. We believe, 
however, that it will be conceded by all that the mental diseases contribute 
a very substantial proportion of the total number of those suffering from 
serious hereditary disorders. It seems reasonable, therefore, to suggest that 
the total increase in the social load due to serious hereditary illness of all kinds, 
which would follow doubling all mutation rates, would be unlikely to 
exceed more than a few times the estimates we have given for mental defect 
and mental illness combined. 


155. Hereditary diseases are sometimes thought of as incurable, and it is 
true that present knowledge provides no grounds for believing that cures will 
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be found for some of the grosser forms. With the advance of medical science, 
however, it has become possible to alleviate many hereditary conditions or 
even to maintain the affected patients in good health. A classical example is 
diabetes mellitus, into the causation of which a hereditary factor enters in 
many cases. Before the discovery of insulin, the majority of diabetics were 
destined for invalidism or premature death. Now with its aid they live 
essentially normal lives. With further advances of medical knowledge, it may 
be expected that an increasing number of hereditary conditions will be 
brought into this category, and thus the load of suffering from illness of this 
kind be reduced. It should be realised, however, that the preservation of 
those afflicted by hereditary conditions will increase their chances of having 
children and so lead to an increased prevalence of the condition in the 
population and with it an increased need for medical services. 


(56. From the point of view of the iong-term effects on the population, it 
must be remembered that, even though most of the new recessive alleles 
produced by an increase of mutation rates will not meet a like partner in 
the first generation after they are produced, and will therefore remain con- 
cealed, they will still exist in the population. They will in fact persist until, 
at some later time, two carriers of like genes happen to mate. The recessive _ 
effects wiil then become manifest in some of the children of such matings. If 
such genes are harmful, these affected children wil! produce fewer offspring 
than the normal, so that there will be a reduced chance that the genes will 
be passed on to later generations. In this way mutated genes can 
eventually die out. The extinction of the gene will have been brought about, 
however, only by the failure of some affected individual or individuals to 
reproduce at the normal rate, a circumstance which may sometimes be merely 
unfortunate but in other cases may be the expression of a hereditary defect 
which causes great suffering. Thus, if the mutation rate is increased, and a 
crop of newly mutated recessive genes produced, they will continue to cause 
harmful effects for many generations. 


The Effects of Increased Mutation Rates on Hereditary Traits showing 
Continuous Variation about the Normal 


157. Although in any human population we can find individuals who are 
physically, biochemically or mentally abnormal in a relatively gross way and 
whose abnormality can be traced to single gene differences, most of the 
variation between human beings is not in fact of this kind. Even in that 
greater part of the population which we should describe as normal, no two 
individuals are alike: they vary by imperceptible gradations over a wide 
range in respect of many characters such as physique, general well-being, 
life-span, intelligence and so on. Some of the variation is hereditary but some 
is due to diflerences in environment—in the circumstances under which the 
individual lives and has grown up. The hereditary portion of this variation 
is believed to be due to the combined action of many genes which supplement 
one another in producing their effects. These genes cannot be distinguished 
one from another, and their effects have therefore to be measured in a way 
differing from that used where a gene has consequences sufficiently drastic 
for it to be followed as a separate entity. The importance of heredity in 
such cases is expressed by estimating the proportion of the variation which 
is traceable to gene effects. The properties of the system of genes are inferred 
from observations on the amount of this variation which is shared by relatives 
and on the change in the proportion from generation to generation. In 
particular, the effect of mutation will be measured by the increment it adds 
to the variation in each generation. 
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158. One difficulty should be observed at the outset. The success of this 
method of approach depends on the ability to measure separately the propor- 
tions of the variation attributable to the combined effects of the genes, and 
the proportion attributable to environmental factors external to the individual. 
Even in animals and plants, under the conditions of controlled experiment, 
this is not always easy. In man, whose parents give him not only his genes 
but also the home and environment in which his early and most forma- 
tive years are passed, the separation of hereditary and environmental effects 
is always extremely difficult. Observations on, for example, children brought 
up by foster parents are of some assistance; but, even so, the conclusions 
at which we have been able to arrive must be regarded as rough estimates 
and treated with due caution. 


159. Genetic theory leads us to expect that, since mutation brings new 
gene differences into the population, the basic effect of an increase in the 
mutation rate will be to increase the variation shown by these characters, 
that is to raise the numbers of the more extreme types at the expense of 
the more central, average individuals. Very little information is available, 
however, even from experimental animals and plants, about the magnitude of 
the effect to be expected. Such few observations as we have {Appendix F} 
suggest that in any generation the variation due to new mutation is but a 
small fraction of the heritable variation observable, and, of course, a still 
smalier fraction of the total variation, which includes that due to the 
environment. Indeed, the available data would lead us to expect that hundreds 
of generations of mutation would be needed to build up the variation which 
is seen in a human population. A doubling of the mutation rate for a few 
generations would therefore be expected to have only the most trivial effect 
on the variation in such characters, and even a persisting doubling of the 
mutation rate would take very many generations to approach its full effect, 
which at most would be to double the variation. 


The distribution of intelligence 


160. The effect on the distribution of intelligence—or, more accurately, 
of the score in intelligence tests—of an increase in the hereditary variation, 
such as would be expected to result from a raised mutation rate, is con- 
sidered in Appendix G. Extensive studies have been made of the intelligence 
score and something is known about its distribution in the population and 
the extent to which it is inherited. Increase in the variation, that is in the 
spread of the distribution, will lead to an increase in the numbers both 
with markedly low and markedly high scores. Furthermore, the more 
extreme the class under consideration, the greater the increase in its 
numbers relative to the overall change in the variation. Thus, from the 
table in Appendix G, it will be seen that a doubling of the heritable 
variation could lead in the long run to nearly a tripling of the numbers 
falling short of an intelligence score of 70 and conventionally regarded as 
requiring special schooling. On the assumption that the average score did not 
fall, a corresponding increase would be expected in those with the high 
scores of over 130. 


161. The increase in the two extremes of the distribution may, however, 
not be symmetrical. Evidence from experimental organisms shows. that. 
where a character has been subjected in the past to much selection in a 
particular direction, new variation is likely to produce a disproportionately 
large increase of the more extreme types in the direction opposite to that 
towards which selection has been pushing the character. This would still be 
true when the variation is being increased by irradiation. It seems probable, 
in the light of man’s evolutionary history, that he has been subjected to fairly 
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intense natural selection for increased intelligence. It might therefore be 
expected that an increase in the variation, resulting from a raised mutation 
rate, while leading to some increase in the fraction of those who are highly 
intelligent, would lead to a greater—perhaps much greater—increase in the 
other extreme fraction with low intelligence. In addition to the calculation 
which assumes that the average intelligence score remains constant and so 
assumes symmetrical increases at the two ends of the distribution, Appendix 
G includes a calculation which assumes an asymmetrical effect, the 
overall average of the population falling but the proportion of children of 
grammar school ability remaining constant. The disproportion in the increase 
of the low end of the distribution is of course increased, a doubling of the 
variation raising the proportion with a score of less than 70, perhaps by as 
much as four or five times. It should be remembered, however, that these 
calculations apply to the situation when the increase in variation has 
reached its full extent. We have already seen that such data as are available 
suggest that a permanent increase in the mutation rate would take hundreds of 
generations to produce its full effects on hereditary variation. 


Observations on Populations Exposed to Radiation 


162. An alternative approach to the problem before us, and one which 
in addition might provide direct evidence of the relation between the dose 
of radiation and increased incidence of hereditary traits in man, is to observe 
the effects on human populations which have been exposed to ionizing 
radiations. Three such studies have been carried out, two on American radio- 
logists and the other on the Japanese populations who were in Hiroshima 
and Nagasaki at the time of the atomic bomb explosions. For various reasons, 
the evidence from each is inconclusive, even that from the extensive study 
by the Atomic Bomb Casualty Commission in Japan. 


Possible indicators of change in mutation rates 


163. Among the possible indicators of a change in the mutation rate 
are changes in the sex ratio at birth, the congenital malformation rate, the 
stillbirth rate, the neonatal death rate, the weight at birth, the weight at nine 
months, and measurements of the head and body. Changes in the sex ratio may 
be used as an indicator of genetic damage. The inheritance of abnormal genes 
in the sex chromosomes has been considered in relation to haemophilia. 
Experimental observations have shown that abnormal genes which kill 
the infant long before birth can be carried on the sex chromosomes and there 
is reason to believe that this may be true in man. Such genes will 
necessarily disturb the sex ratio at birth ; mothers with such mutations will 
have too few sons, and, in rare cases, fathers too few daughters. 


164. It is known, from both human and experimental evidence, that genes 
can produce abnormalities which are evident at birth. Estimates of the con- 
genital abnormality rate vary with different observers from just over one per 
cent to about six per cent, owing to lack of agreement on what shall be 
reckoned an abnormality as well as to real differences in populations with 
respect both to their environments and to the frequencies of the causal genes. 
Further, genes are not the only cause of such abnormal conditions. Both 
clinical and experimental evidence suggests that maternal ill health, par- 
ticularly infectious disease and malnutrition during pregnancy. can produce 
them. There is no definite information as to what proportion of cases of 
malformation should be attributed to the effects of single genes ; nor are the 
forms of inheritance understood. 


165. The stillbirth and neonatal death rates are also influenced by a 
variety of factors. The evidence that abnormal genes can play a part is based 
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partly upon experimental genetics and partly upon investigations of family 
histories. On the evidence available at the present time, it is difficult to 
estimate the extent of the part played by genetical causes. 


Genetic studies on radiologists 


166. The evidence provided by the studies of congenital abnormalities in 
the offspring of American radiologists is inconclusive for two reasons. First, 
no measurements were made of the radiation doses which were received 
by the radiologists in the course of their work and it is virtually impossible 
to deduce these in retrospect. Secondly, the data were obtained 
by postal questionnaire, to which only three-quarters of the radiologists 
replied and little over half the other specialists who were used as a control 
group. Whether those who chose to answer were representative of the total 
is open to question. As the magnitude of the effects observed was small (slight 
rises in the incidence of twinning, foetal death and congenital malforma- 
tion), one cannot exclude the possibility that the increases were due to 
statistical bias in the data rather than to the radiation exposure, or alter- 
natively that statistical bias in the other direction may have partly concealed a 
somewhat larger increase than was observed. 


Studies on Japanese populations 


167. The Atomic Bomb Casualty Commission’s genetic study was much 
more extensive. An attempt was made to assess the prompt radiation dose 
received by each individual; and in each city those remote from the burst 
constituted a control population with which to compare those close to it. 
More than 80,000 subsequent pregnancies were followed, and a third of 
the children were re-examined at nine months of age. 


168. The final report on the genetic programme of the Atomic Bomb 
Casualty Commission has not yet been published ; but through the courtesy 
of the United States authorities, and especially of Dr. James V. Neel and 
Dr. William J. Schull, we received copies of the draft and are permitted 
to refer to it. The data present many difficulties of interpretation for several 
reasons. First, the radiation dose was not known with any accuracy. Second, 
the parents with different degrees of exposure were not entirely comparable 
in various characteristics, such as maternal.age at birth of the child, to 
which thé congenital malformation rate is related; for this reason, even if 
there were no effect due to exposure, the children of the highly exposed 
parents would be expected to differ in their congenital malformation rate 
from those of the slightly exposed. Complex statistical procedures are neces- 
sary to allow for this. Even more open to error is the comparison between 
the children of exposed parents and those of parents who were entirely 
unexposed. The latter group of parents included immigrants from other cities 
or from rural areas after the time of the bombing, and some who were away 
from home at the time, and the effect of these factors on, say, the congenital 
malformation rate is quite unknown. Thirdly, the number of people who 
survived high exposures was not large and therefore there were comparatively 
few births in this group; estimates of the incidence of congenital malforma- 
tions and other abnormalities are consequently of low statistical precision, 
being open to relatively large disturbances through the operation of chance. 
Fourthly, only small effects would be expected in any given generation, 
even if the mutation rate had been raised many times. 


169. Any opinion on a report which is still only in draft must be regarded 
as provisional. In our view, however, the data suggest an effect of the bomb 
radiations on genetic factors in prenatal survival, as shown by the sex- 
ratio at birth. The evidence for this effect is not highly significant statistically 
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and any change which was induced in the sex-ratio is unlikely to have 
exceeded 2 per cent per 100 r exposure of one parent. This appears to be 
the only positive conclusion that might perhaps be drawn but it is possible, 
for several of the measurements, to set upper limits to the changes that might 
have occurred without being detected. From the nature of the evidence a 
possible doubling, but not more than doubling, of the congenital malforma- 
tion rate, or a 5O per cent rise in the stillbirth rate, following exposure of one 
parent to 200 r, might have escaped detection. 


170. Although it was possible to set an upper limit to the increase in 
sex-ratio, congenital malformation rate and stillbirth rate, we were unable to 
do so for the increase in mutation rates of the genes responsible. For this 
purpose it would first be necessary to know what proportion of prenatal 
death or malformation is in ordinary circumstances due to newly mutated 
genes and what proportion to genes already present in the population. We 
cannot, therefore, derive from the Atomic Bomb Casualty Commission’s 
data any estimate of the mutation-rate-doubling radiation dose for man. 


The Radiation ‘ Doubling Dose’ for Human Mutation Rates 


171. At this stage it becomes necessary for us to attempt to give a 
quantitative estimate of the magnitude of the effect of any given dose of 
radiation on the mutation rate in human populations. This is an extremely 
difficult task, since not only have we as yet too little precise information 
on which to base an accurate estimate, but also it is by no means simple 
to know in what terms the effect should best be measured. 


172. We have seen that all genes mutate spontaneously. The spontaneous 
mutation rate (s) of any particular gene can be considered to be made up 
of two parts; some of its mutations (x) will be provoked by the naturally 
occurring radiation, while others (y) will be due to other influences, so 
that s = x + y. It would be easy to find a theoretically adequate measure 
of the effect of increased radiation on mutation, if all mutations were caused 
by radiation of some kind, y would then be zero; and, since we have 
seen (paragraph 127) that radiation-induced mutations increase in simple pro- 
portion to the amount of radiation, it follows that, if the amount of radiation 
were doubled, the mutation rate would be doubled also, and so on. We could 
express the effect of increased radiation in terms of the ‘doubling dose’, 
that is the quantity of radiation required to double the spontaneous mutation 
rate. It is clear that the doubling dose under these circumstances would be 
equal to the naturally occurring radiation. 


173. However, as we shall see later (paragraph 178), there is good evidence 
that in the few well-studied animals spontaneous mutations are not due solely 
to radiation, and therefore we cannot safely assume that y is zero. The 
situation would remain fairly simple, provided x and y were always in 
the same proportion, so that we could assume that a certain constant fraction 
of the spontaneous mutations of each gene is caused by natural radiation ; 
but this also seems unlikely to be the case, Older parents have accumulated 
higher doses of radiation than younger parents; if all genes were equally 
sensitive to radiation, the frequency of all new mutations should then show 
the same increase in the children of older fathers as in the children of older 
mothers. It is found, however, that for some human genes, but not for others, 
the increase is more marked in children of old fathers than in those of old 
mothers. This fact suggests that the genes which exhibit this relationship to 
paternal age differ from other genes in that their mutation is dependent in 
an important way on something other than radiation, perhaps on the number 
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of cell divisions since conception, which is much greater for sperm than 
for eggs. There is also some evidence from experiments on flies and other 
organisms, in which high doses of radiation were employed, that certain 
genes are more radiation-sensitive than others. In view of these facts, it is 
Only safe to assume that the same may be true of human genes, and that 
for each gene the spontaneous mutation rate is built up of both an x and 
a y fraction, which do not always bear the same proportionate relation to 
each other. 


174. If this is so, an amount of extra radiation which will double the 
mutation rate of the most radiation-sensitive genes will have a much smaller 
effect on the more radiation-tolerant ones. It is then impossible to give any 
one figure which will measure the effect of radiation on the whole set of 
genes. However, in practice we still know so little about human mutation 
rates that we can, provisionally, make some simplification of the theoretical 
considerations. We can attempt to assess the effects of increased radiation in 
terms of that dose of radiation which will double the spontaneous mutation 
rate of an adequate and representative sample of the most sensitive genes. 
This would be a minimum estimate of the doubling dose. By ‘ adequate 
and representative’ we mean that we must consider a sufficient number 
of the more sensitive genes to get examples of all the different kinds of 
genetic effects. Fortunately there is no reason to doubt that, if one con- 
sidered a fairly large number of the most radiation-sensitive genes, they 
would contain examples of genes with all possible kinds of effect. We shall 
assume that this is indeed so, and, further, that there are sufficient genes with 
roughly the same degree of radiation-sensitivity for us to employ the 
concept of a representative doubling dose of radiation of the kind which 
we have been discussing. 


175. The attempt to estimate a figure for the minimum representative 
doubling dose in man is beset with many difficulties. We have as yet no useful 
direct evidence. The only data which might provide information about 
actual increases in human mutation following irradiation are those from the 
investigations of the results of the atomic bombs in Japan, and those on the 
offspring of radiologists, and, as we have already seen (paragraphs 162-170), 
in neither is the material sufficient to lead to any firm conclusions. At 
the present time, therefore, we are driven to making indirect estimates. 


176. Perhaps the most firmly based line of argument towards an indirect 
estimate is one which leads us to an assessment of a minimum figure above 
which the doubling dose must almost certainly lie. Let us suppose that all 
human spontaneous mutations are radiation-induced; then, provided the 
mutation rate increases in direct proportion to the radiation, the doubling 
dose would be the same as the quantity of natural radiation received. The 
only way of escape from this argument would be by the supposition that for 
human genes the mutation rate is not directly proportional to the radiation, 
but that they are comparatively insensitive to small doses up to the level of 
natural radiation, and relatively much more sensitive to doses slightly 
greater than this. There is no evidence in any other animal for such an 
effect, but a few experiments in plants, the results of which are not entirely 
consistent, have suggested an effect of this kind, though only a slight one. 
It therefore seems safe to argue that, even under the most pessimistic assump- 
tion that all human spontaneous mutations are induced by radiation, the 
doubling dose could not be less than the normal amount of natural radiation. 
It will be seen, in the chapter on exposure levels, that in this country, 
over a period of 30 years this amounts to about 3 r to the reproductive 
organs. We may therefore take this figure as the lower limit of our estimate. 
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177. The next step is to try to determine whether the actual value of the 
doubling dose is quite near this limit or considerably above it. There are 
several ways in which we can proceed. We may first ask whether the 
Japanese data are compatible with a doubling dose as low as 3 r, or 
whether, if the value were as low as that, one would have to anticipate 
rather striking effects in place of the almost complete absence of definitely 
significant results which was actually observed. Calculations show that, if 
some more or less plausible assumptions are made, the absence of definitely 
recognisable effects in the Japanese data does not contradict a doubling 
dose as low as 3 r, although it is of course more easily accounted for if 
the real doubling dose is considerably higher. 


178. Our lower limit for the doubling dose was based on the supposition 
that all spontaneous human mutations are caused by radiation. If natural 
radiation accounts for something less than 100 per cent of spontaneous 
mutations, then this lower limit would be raised accordingly. In experimental 
animals, one can determine what fraction of spontaneous mutation is 
due to radiation by measuring the effects of several different large radiation 
doses and extrapolating the results to the naturally occurring dose. Even 
among experimental animals, it is only for fruit flies that we yet have 
sufficient information to do this with much confidence. It turns out in this 
case that natural radiation accounts for only about one ten-thousandth 
(00001) of their spontaneous mutations. In trying to extend this result to 
man, we have to take into account two considerations. The first is that the 
longer the time elapsing between the conception of an individual and his 
reproducing, the greater the dose of radiation he will accumulate. The second 
is that, if the genes are equally radiation-sensitive in two species, the fraction 
of the spontaneous mutation induced by natural radiation will be smaller if 
the spontaneous rate is large than it would be were the spontaneous rate 
small. If one compares the lengths of the pre-reproductive periods of man 
and flies one finds that man has time to accumulate about 1,000 times as much 
radiation as the fly. We are much less certain about the comparison of their 
spontaneous mutation rates, since figures for man are not available for many 
loci (Appendix C). However, estimates have been made that the human 
mutation rate is probably about five times as great as that in flies. We should 
then find that the fraction of the human spontaneous rate due to radiation can 
be estimated at 1,000/5 times the fraction which holds for flies, i.e 200 x 
0:0001, or about 2 per cent. 


179. The argument given above is based on the hypothesis that the sensi- 
tivity of human genes to radiation, that is the mutation rate induced per 
roentgen, is the same as it is in flies. As has been repeatedly pointed out, we 
have no definite evidence about the radiation-sensitivity of human genes, 
by which this assumption could be checked. The mouse is the only mammal 
for which we have any evidence on the radiation-sensitivity of genes. The 
induced mutation rates for a small number of genes have been roughly 
measured for this species. The experiments suggest that its genes are about 
ten times as sensitive as fly genes; but it should be noted that this figure 
depends very largely on only one of the seven genes tested. However, in 
order to be cautious we may make the hypothesis that mouse genes are 
ten times as sensitive as fly genes, and that human genes are similar to 
mouse genes. According to this hypothesis, we must increase our estimate 
of the fraction of human spontaneous mutation rate due to radiation by ten 
times, from 2 per cent to 20 per cent. 


180. According as we suppose the radiation-induced fraction of the 
spontaneous mutation rate of man to be 20 per cent or 2 per cent, we arrive 
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at estimates for the doubling dose that are five or fifty times the naturally 
occurring radiation, that is 15 r or 150 r. It must be pointed out, however, 
that the calculations which have just been given have involved a number 
of quantities which are still only imperfectly known ; for instance, the spon- 
taneous mutation rates of flies, mice and particularly men. One cannot 
therefore, on this basis, absolutely exclude the possibility that the doubling 
dose may actually lie somewhat below 15 r. 


181. Various other theoretical methods have been suggested for utilising 
the data about experimental animals to calculate a doubling dose for man. 
They all lead to values within the same rather wide range as we have just 
reached. Moreover, they all involve even more conjecture about quantities 
on which we have little precise information, such as the comparative 
numbers of gene loci in man and other animals. We shall not attempt to 
summarise them here. 


182. There is another rather different type of approach to the problem ; that 
is, to compare the values of the minimum representative doubling dose in 
the animals and plants for which we have the most reliable data (Appendix 
H). They mostly run from about 25 r upwards, many of them being between 
25 and 60 r. Only a few types of organisms have yet been studied in 
detail, but taken as it stands this evidence would suggest that all doubling 
doses lie in about the same range, and it is therefore possible that man’s may 
do so too. It is unfortunate, though easily understandable, that none of 
the fully investigated organisms has a lifetime comparable in length to that 
of man, and this suggests the necessity of caution in applying the results 
to man. But one might expect, a priori, that evolutionary processes would 
have acted to reduce the radiation sensitivity of the genes of organisms with 
long pre-reproductive periods, so that they would have higher doubling 
doses. Thus, this line of approach would lead us to expect the human doubling 
dose to lie above 25 r. 


183. The discussion in the last few paragraphs has been given at some 
length in order to bring out the great uncertainty of our present knowledge 
of the doubling dose for most human genes. Mustering all the arguments 
at our disposal, we can only come to the conclusion that it almost certainly 
lies above 3 r, but that it may be as much as 150 r or even more. Any 
statement which goes beyond this can only be phrased in terms of probabili- 
ties, and depends on a judgment made by balancing all the different lines 
of argument against one another. In this tentative fashion, we should advance 
the view that there is little likelihood that the representative value lies 
between 3 r and 15 r; and that, although we cannot exclude the possibility 
that for some human genes the doubling dose may be less than 30 r and for 
others more than 80 r. the best estimate which we can make, in the light 
of present knowledge, is that the representative value lies between 30 r 
and 80 r. 


184. It remains to consider what dangers would arise if we have, for lack 
of adequate information, materially over-estimated the value of the doubling 
dose for human genes. Even if we suppose that it is actually as low as the 
minimum that we can reasonably entertain, namely 15 r, it is extremely im- 
probable that in times of peace the whole population, or a large fraction of it, 
will receive an additional dose of this magnitude from industrial or other 
sources. We need not therefore anticipate any general danger. There may, 
however, be small groups of people, for instance those employed in certain 
industrial processes or receiving medical treatment involving X-rays, who 
may be exposed to doses near the representative doubling dose. Have they 
grounds for fearing any disastrous effects on their descendants? In the first 
place, it is obvious that if, for reasons of age or other considerations, they do 
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not reproduce after the period of exposure, no genetic effects at all will 
eventuate. If they do reproduce, there are two aspects to be considered: 
the effect on their immediate offspring and the effect on their later descendants. 


185. We shall consider first the immediate descendants. It has been 
calculated on theoretical grounds that at the present time, without any 
additional radiation, approximately one human germ cell in ten (10 per cent) 
carries a new mutation. The great majority of these are recessive, and 
only very rarely have an effect on immediate offspring. Probably not more 
than one in a hundred is a dominant, the action of which will be 
seen in the next generation. Thus, a doubling of the mutation rate might 
lead to an increase of one in a thousand (0:1 per cent) in the numbers 
of harmfully affected children in the next generation. This must be compared 
with the present chance that the children born in a family will be con- 
genitally defective. At present, about four per cent of all babies are stillborn 
or die shortly after birth, while another two per cent survive but are 
malformed ; and in addition a considerable number in later years develop 
diseases or abnormalities in which hereditary constitution is a preponderating 
cause. Thus a doubling of the mutation rate in one parent would only add 
to the chance of producing a defective child an additional 0-1 per cent. 
above the present level of about seven to eight per cent. 


186. A more realistic estimate of individual genetical risk can be obtained 
from the figures given in paragraphs 141 to 150. For example, the ordinary 
risk that any pair of parents will produce an imbecile or an idiot—that 
is a case of severe mental defect—which survives, is about one in 500. The 
increased proportional risk for parents in both of whom mutation rates have 
been doubled is three per cent; this means that the risk of their having a 
child with severe mental defect which survives is one in 485. If only one 
parent is affected, the risk would be increased by a factor of 1:5 per cent, so 
that the chance would then be about one in 493. Similarly, the risk of 
producing psychotic offspring might be increased by a factor of one per cent 
if mutation rates were doubled in both parents and by half this amount if 
only one was affected. The likelihood of miscarriage, stillbirth, or foetal mal- 
formation would probably be even less increased ; compared with the changes 
in incidence which occur, for example, at different maternal ages or between 
the first and later births, these alterations would be inappreciable. The risks of 
occurrence of specific dominant or sex-linked traits, such as those listed in 
the table of human mutation rates (Appendix C), would indeed be pro- 
portionately much more markedly affected; but, because of their rarity, 
the risks of these abnormalities are ordinarily considered negligible for the 
individual and, even after being nearly doubled, they would remain so. 


187. In ordinary circumstances, if a parent carries any given allele, the 
chance that one of his offspring receives it is one in two; a grandchild 
has one chance in four of receiving it and a great-grandchild has one chance 
in eight. The same rule applies to an allele which has arisen by fresh 
mutation in the parent. Thus it follows that the extra risk of disability, which 
applies to the children of an individual who has been exposed to doses 
of radiation causing mutation, will be halved in each subsequent generation 
of his offspring, provided that the level of mutation rate in the rest of the 
population has not also been raised. Moreover, it must be remembered 
that under natural conditions every human being already carries a certain 
number of harmful recessive genes, the results of spontaneous mutation 
in the past. There is therefore no reason why an individual in whom 
the mutation rate has been doubled, or increased by some similar figure, 
need fear that he runs an appreciable risk of founding a ‘bad line’ of 
descendants. 
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188. One may conclude that, if a relatively small group of prospective 
parents receives a doubling dose of radiation, no noticeable effects will be 
produced either on their immediate offspring or upon their descendants. For 
levels of radiation up to the doubling dose, and even some way beyond, 
the genetic effects of radiation aré only appreciable when reckoned over 
the population as a whole and need cause no alarm to the individual on his 
own account. 
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CHAPTER V 


EXISTING AND FORESEEABLE LEVELS OF EXPOSURE 
TO RADIATION 


Introduction 


189. Throughout the whole of his evolutionary history man, like all living 
organisms, has been exposed to small but variable amounts of ionizing 
radiation from his natural surroundings. To these he has now added similar 
radiations from his own inventions. In their biological action these differ but 
little from each other, and all must be taken into account when assessing the 
present hazards from ionizing radiation. We shall first consider those 
inescapable radiations which come from the natural background and, there- 
after, those which are derived from sources controllable by man. 


190. It will be clear from an <arlier chapter of this report that relatively 
heavy doses of radiation are required to impair the health of 
the individual and such doses are rarely associated with the ordinary 
circumstances of civilian life. The use of radiation for medical purposes 
or Occupational exposure to sources of radiation may be associated with the 
possibility of high doses, but every precaution is taken to safeguard the 
patient, and the employee is protected by nationally and internationally 
recognised recommendations which limit the doses received occupationally 
to levels considered to be safe. 


191. On the other hand, our knowledge of the genetic effects of radiation 
is less precise and it is believed that doses of radiation which have no known 
effects on the health of the individual may be of genetic consequence. Doses 
received from all sources, however small, have therefore to be assessed in 
the light of their possible genetic implications. It has been seen that ionizing 
radiation can have genetic consequences only in so far as it affects the 
reproductive organs—the gonads—and it is thus the dose received by the 
gonads up to the end of reproductive life which must be estimated in all 
cases. At the levels of dose with which we are mainly concerned, the genetic 
effects of radiation can be calculated only in relation to the population as a 
whole. It is therefore in terms of the total gonad dose* to the popula- 
tion that the following estimates of the exposures from various sources have 
been made 


Radiation from Natural Scurces 
Cosmic radiation 


192. Cosmic radiation reaches the earth from interstellar space. The atmo- 
sphere surrounding the earth has substance and acts as a filter, absorbing 
almost all the dose to which otherwise we should be exposed. In general, 
the longer their path through the atmosphere, the more the radiations will 
be attenuated ; thus, the dose at sea level is less than that at high altitudes. 





* The total gonad dose has been calculated on thre basis of the considerations set out in 
paragraph 129. 
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193. Cosmic radiation has several components—protons,! fast and slow 
mesons,” electrons’ and neutrons‘—which differ in their relative contribution 
to the natural background of radiation according to the altitude: at sea 
level the most important are mesons, electrons and neutrons. Mesons and 
electrons are considered to be, for equal physical doses, of about the same 
biological effectiveness as gamma rays. Fast neutrons and protons of high 
energy may be several times more damaging to the individual but are less 
likely to induce gene mutation. Neglecting this possible variation in effective- 
ness and assuming equal biological efficiency for all the particles, one 
derives a dose at sea level equivalent to 0-028 r per annum from cosmic radia- 
tion. Virtually all of this is highly penetrating radiation and can be assumed 
to irradiate the whole body, inciuding the gonads, almost uniformly. 


Terrestrial radiation 


194. A few of the naturally occurring elements, particularly the heavy 
elements, are radioactive, thorium and uranium being the chief primary 
sources. These two elements are only feebly radioactive and each has a 
half-life measured in many millions of years. Each atom, in its radioactive 
disintegration, is transmuted to a daughter atom which is also radioactive 
and which in turn, disintegrates to another radioactive atom, the process 
being continued until ultimately a non-radioactive stable atom of lead is 
formed. All the daughter 2lements decay much more rapidly than the original 
parenis, thorium and uranium, and many of them emit gamma rays as weil 
as nuclear particles in their disintegration. 


195. Thorium and uranium are almost universally distributed in trace 
quantities in rocks and soils, areas of granitic rock usually having higher 
concentrations than sedimentary rock. Occasionally, the concentration | is 
considerably greater than normal, sufficient to make the area worth mining, 
but even in these rich lodes it is usually only of the order of one per cent 
or less. 


196. As a consequence of the presence in many soils of the radioactive 
daughter products of uranium and thorium, emission of gamma rays occurs 
widely over the land surfaces of the earth. Brick and stone necessarily con- 
tain traces of these radioactive substances and, inside houses built of such 
materials, radiation is added from this source. On the other hand, substantial 
structures of brick and stone offer slight shielding from cosmic radiation. 


197. The amount of radiation contributed from the earth and from buiid- 
ings varies from place to place even in the same country and any average 
figure can be only an approximation, but 0:078 r per year would perhaps 
be representative of the amount received inside buildings on the surface of 
the body by the inhabitants of this country. The corresponding figure in the 
open would perhaps be 0-048 r per year. Measurements show that about 37 
per cent of the dose of gamma rays is absorbed superficially and filtered off 
before reaching the internal tissues and organs: allowing for this and esti- 


' Protons are nuclei of hydrogen atoms and carry a unit positive charge. Fast moving 
protons are a minor component of cosmic rays at ground level. Neutron radiation also 
ejects protons from hydrogenous material. 


? Mesons are unstable particles with masses intermediate between those of electrons and 
protons. Energetic mesons constitute the main component of the more penetrating cosmic 
rays. 

3 Electrons are the smallest constituent particles of atoms. The electron carrics the 
elementary negative charge of electricity. It has a positively-charged counterpart of equal 
mass called the positron. The soft or less penetrating component of cosmic rays consists 
essentially of positrons and electrons and about an equal number of gamma rays. 


* Neutrons, see Chapter II, paragraph 19. 
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mating the amount of time that a person spends in the open, the average 
dose to the gonads of persons in this country from external gamma radiation 
is estimated to be 0-043 r per year. 


Atmospheric radon 


198. One of the decay products of uranium is radon, a gas which diffuses 
out of the earth and buildings and from minerals such as coal. In general, 
its concentration in the atmosphere is extremely low, about 0-3 of a micro- 
microcurie* per litre of air, but in cities such as London, where much coal 
is burnt, it may sometimes reach ten times this amount. In these circumstances, 
the dose of gamma rays from the further disintegration-products of radon may 
almost equal the dose of radiation from cosmic sources. The average dose 
to the gonads from this source, however, probably does not exceed 0-001 r 
-per year from the atmosphere and an approximately equal or slightly greater 
amount from the gas absorbed into the body from the lungs. 


Radioactive constituents of the body 


199. Among the normal constituents of the body are the elements carbon and 
potassium, each of which has a radioactive isotope occurring naturally as a 
minute fraction of the total element. The radioactive isotope potassium 40 
forms 1/8000 of natural potassium and emits both beta particles and gamma 
rays. An average value for the potassium content of the body is 0-21 per 
cent by weight, and measurements suggest that the figure for the gonads 
does not differ greatly. Calculation on this basis gives an estimated dose 
to the gonads of about 0:02 r per year. Naturally occurring radioactive 
carbon, carbon 14, constitutes one part in a million millions (10!) of natural 
carbon ; it emits only beta particles. Taking body tissue to be 18 per cent 
carbon, one derives a dose from this source of about 0-001 r per annum 
to the gonads. 


Total gonad dose from natural sources 


200. Information on the total dose to the gonads from natural sources of 
radiation is summarised in Tabie 2. It will be seen that, from all sources, 
the total is roughly 0:1 r per annum, or about 3 r per generation of 30 years 
(Appendix J). 


TABLE 2 


Estimated dose rates to gonads from natural sources of radiation 





| Estimated average dose 
Radiation source rate to gonads in roentgens 
per year 
ee ee ee 


External! radiation | 








Cosmic rays (sea level) Bui 0-028 

Gamma rays from the earth ... = 0-043 

Radon in air i ve | 0-001 
Internal radiation | 

Potassium 40 0-020 

Carbon 14 af mie 0-001 

Radon and decay products 0-002 


Total" 49), os iy a | 0-095 





1 : 
” 7,1100,000.000,000 of @ curie. 
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Radioactivity in bone 


201. Within the body, radioactivity is probably highest in bone. The 
naturally occurring radioactive heavy elements are contaminants of food and 
water as well as of soil and they and their disintegration products, of which 
radium is the most important biologically, are absorbed to a very limited 
extent from the gut. The body removes them from the circulation and stores 
them in bone. In this way the radioactivity of bone builds up gradually 
throughout life but there is no evidence that the rather higher doses in bone 
compared with other tissues are deleterious. Table 3 gives the estimated doses 
to bone from these sources. 


TABLE 3 


Estimated radium content and radiation dose rates to bone-cells 








Estimated Dose rate to bone-cclis 
radium in in equivalent roentgens per year 
Geographical skeleton at 
conditions age 35 in 
micro-. external 

microcuries radium sources total 
Average areas... 0. 60 1 0-037 0-08 0-12 
Active areas... mu a 1,100 0:37 0-18 0:55 

(See Appendix J) | | 





Radiation from the Appurtenances of Civilisation 


202. Since the discovery of X-rays and radioactive materials man has 
adopted them increasingly for certain of his needs. In medicine they now 
provide invaluable, and often irreplaceable, aids to diagnosis and treatment. 
They are also used extensively in industry and in the amenities of modern 
civilised life. It is necessary, therefore, to assess the dose that these develop- 
ments contribute above that received from the natural surroundings. 


Diagnostic X-rays 


203. For some time it has been realised that by far the largest contribution 
is made by diagnostic X-rays. Continuing efforts are therefore being made 
to assess the dose of radiation given to the whole population in this way. 
The problem of accurate assessment is beset with difficulties and at present 
any estimate must be based upon very imperfect data. The two basic require- 
ments and the best means of fulfilling them from available figures are as 
follows : 


(i) The number of radiological examinations made annually, subdividea 
according to the sex and age of the persons examined and the part of 
the body under examination. It is possible to make from published 
figures a reasonable estimate of the total number of X-ray examina- 
tions made within the National Health Service. A minimum figure for 
the year 1955 would be 12,200.000. To this must be added an unknown 
but relatively small number for hospitals outside the National Health 
Service and for private practice. This number has been estimated at 
rather less than half a million, giving a total of 12,650,000. 


The division of this very large figure into sex, age and type cf 
radiological examination has been made on the basis of  in- 
formation supplied by five hospitals only and covering some 
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21,000 patients (two London teaching hospitals and three others). 
While there are certainly differences between these hospitals, they 
are not so wide as to make an approximate calculation unwarranted. 
The sample has therefore been accepted as representative. 


A very important source of radiation to the gonads is provided by 
radiological pelvimetry, which measures the size of the pelvic outlet 
of the woman in relation to the actual or potential size of her infant : 
a second important source is X-ray examination of the abdomen in 
pregnancy. Information of the frequency with which such examinations 
are made has therefore been specially sought from a rather wider 
group of nine hospitals. On the assumption that these are representa- 
tive, the results have been applied to all live births occurring in - 
hospitals in England and Wales. 


In addition to the 12,650,000 X-ray examinations already mentioned, 
certain others are undertaken for special reasons and these bring the 
estimated total during 1955 up to nearly 18,000,000. The additional 
examinations include mass miniature radiography, dental radiography. 
and examinations of service personnel and mineworkers, but each of 
these types of examination represents a relatively unimportant source 
of radiation to the gonads and the effect of any error in estimating 
their contribution will be slight in relation to the total. 


(ii) The average dose to the gonads-—-male, female and foetal separately— 
produced by the diagnostic irradiation of each separate part of the 
body. For the purposes of calculation the figures used, which cover 
X-ray examinations of 24 different parts of the body, have been derived 
almost entirely from one London teaching hospital where careful 
measurements have been made and precautions taken to restrict the 
irradiation of the gonads to the lowest possible level. They are there- 
fore almost certain to be minimum figures, It should be realised 
that with the X-ray tube only slightly misaligned the dose may some- 
times be multiplied many times. 


204. Bringing together these two sets of figures—the estimated numbers 
and ages of persons irradiated and the estimated average gonad dose delivered 
to them with specified examinations—leads to two important general con- 
clusions. It shows, first, that almost the whole population dose is accounted 
for by a relatively few sites of examination, principally the hip, the lumbar 
Spine, the lower abdomen and the pelvis. The far more frequent examinations 
of chest, head and limbs make relatively unimportant contributions. 
Secondly, according to the present calculations, the amount of radiation 
reaching the reproductive organs of the people of this country through 
diagnostic radiology is as much as 22 per cent of that derived from natural 
sources. Indeed, in view of the minimum figures adopted in these calculations, 
the contribution of diagnostic radiology may well be very considerably higher 
than 22 per cent. It undoubtediy forms the most important source of man- 
made irradiation and its application has been steadily increasing in recent 
years (Appendix K). 


Radiotherapy 


205. At present there is little information about the contribution to the 
population dose from therapeutic irradiation. Although its main use is for 
patients with malignant disease, the majority of whom are beyond the child- 
bearing age, some younger patients are treated for non-malignant conditions 
such as ankylosing spondylitis. Less penetrating X-rays are widely used in 
the treatment of a large number of diseases of the skin, and the artificially 
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produced radioactive element iodine 131 is now being administered for 
hyperthyroidism. 


206. It is as yet not possible to state a figure for the population dose 
to the gonads from this source of radiation. Rough assessments would suggest 
that it is considerably less than the dose from diagnostic radiology but 
probably greater than that from any other source. The problem is one upon 
which research is required. 


X-ray fluoroscopy for shoe-fitting 

207. X-rays are used commercially for fitting shoes but, with modern 
equipment and good practice, it appears that the number of machines in 
operation would probably deliver not more than 0:1 per cent of the dose 
to the gonads received from natural radiation. 


Luminous watches and clocks 


208. Watches and clocks with luminous dials depend for iheir luminosity 
upon the rays from radium or other radioactive material used in the paint. 
Measuremenis and calculations suggest that the average wrist-watch contains 
about one-fifth of a microcurie of radium. A calculated dose to the gonads 
from wearing such a watch is about 0-01 r per year. 


209. From the information given by the tirade, it can be deduced that 
there are in use about three million men’s watches and about a million 
women’s and children’s watches with luminous dials. In addition, there may 
be about ten million luminous alarm ‘clocks. On this basis it can be estimated 
that the population dose from this source is about one per cent of the natural 
background. 


Television sets 


210. Cathode-ray tubes for television sets are capable of causing the 
production of X-rays. In general, however, the operating voltages are com- 
paratively low and the X-rays are readily absorbed by the walls of the tubes 
and by protective screens. It can be estimated that the population dose from 
this source is at present much less than one per cent of the dose received 
from natural radiation. 


Cosmic radiation in aircraft 


211. Since the amount of radiation from cosmic sources is greater at 
high altitudes, the doses received by persons in aircraft have been investigated 
and the population dose calculated. The additional dose averaged over the 


whole population is at present insignificant compared with that received from 
the natural background. 


Occupatienal Exposure to Radiation 
Medical and industrial workers 


212. Men and women have been exposed to ionizing radiation in the 
course of their occupations for over half a century. In the early years after 
the discovery of X-rays and radioactive materials many suffered injury, but 
safe practices have gradually been elaborated and standards of safety laid 
down. In this country since 1921 the British X-ray and Radium Protection 
Committee, and later the Medical Research Council’s Committee on Protec- 
tion against Ionizing Radiations, have considered the available information 
and made periodic recommendations on occupational exposure levels. 
Equivalent levels have been advocated by the International Commission on 
Radiological Protection. 
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213. Control of radiation exposure may be effected in two ways. In the 
first, the intensity of radiation in the vicinity of the source is measured at 
frequent intervals and, provided that the intensities are always below those 
levels accepted by international agreement as being without danger, no 
separate check is required on the exposure of the individual. In the second, 
the doses actually received by the individual are recorded, usually by means 
of a photographic film which he carries and which blackens on exposure to 
radiation, so allowing the dose received, if any, to be estimated. For twenty 
years the National Physical Laboratory has provided a service whereby such 
films are issued on demand and subsequently read. The worker and his 
supervisor can thus keep a check on the doses received to ensure that the 
accepted weekly levels of dose are not exceeded. 


214. The provision of film badges has now been taken over by the National 
Radiological Protection Service which serves the majority of people known 
to be occupationally exposed, other than those employed by the Atomic 
Energy Authority or in the many hospital departments which process their 
own films. The Service will be available to those employed in the many and 
increasingly varied industria] applications of ionizing radiation as well as to 
research laboratories. 


215. The available records have been sampled and analysed to assess 
the total dose from these sources to the population but, as precise records 
are not available from all branches of industry, the contributions from some 
sources are estimates only. It has not been possible to make as accurate 
an assessment as for the employees of the Atomic Energy Authority because 
the number, sex and ages of those exposed are not known with any precision 
and the monitoring, when carried out, is not as complete. 


216. On the basis of figures from the hospitals which make use of this 
service, it has been roughly calculated that: about 60 per cent of the medical 
workers at risk are women ; in industry and research, women constitute only 
15 per cent. It is estimated that in total about 14,000 people are employed, of 
whom half are women. After allowance for the fact that in women radiation 
is more completely absorbed before it reaches the gonads, it is estimated 
that the average gonad dose for both men and women would be about 
2°5 r per year. Because the ages are not known with precision, it is not 
possible to make an accurate estimate of the genetic dose to the population 
as a whole, but after making certain assumptions we have reached a figure 
from this source of 1°6 per cent of natural background radiation (Appendix 
L). 


Atomic Energy Authority employees 


217. The Atomic Energy Authority now employs about 7,000 people who 
are exposed or potentially exposed to radiation in the course of their work. 
All employees liable to be exposed wear film badges that are examined 
weekly or monthly, and the sex and age of each individual are known. 
Thus it has been possible to calculate, with considerable accuracy, the doses 
received by the employees in relation to their expectation of parenthood. 
The average dose to the Authority’s employees from all occupational sources 
of radiation is 0-4 r per year. The results of personnel monitoring show that 
in all recent years no employee has had an average weekly dose 
exceeding the maximum permissible and that about 90 per cent of the persons 
exposed to radiation averaged less than one-tenth of the maximum permissible 
weekly dose. It has been estimated that the gonad dose averaged over the 
population as a whole is about 0:1 per cent of the natural background. 
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Contaniination of the Worid by Fall-out from the Explosion of 
Nuclear Weapons 


218. Nuclear weapons differ in their construction and size and the same 
type of weapon can be detonated in different ways—under water, on land or 
in the air. These variations lead to differences in the radioactive dust pro- 
duced, in its distribution and in the rate at which it falls out from the atmo- 
sphere on to the earth. Except in the immediate vicinity of a nuclear weapon 
explosion, the ionizing radiations to be considered arise from radioactive 
particles. 


Radioactive fission products 


219. Radioactive fission products, formed when the atoms are split, become 
mixed with the vapourised material from the bomb and with any earth, water 
or debris caught up in the explosion. Large particles fall quickly and are 
deposited close to the site of explosion; small particles are carried up with 
the hot gases to heights which vary with the power of the explosion. They 
subsequently travel in air streams for considerable distances and times, 
depending on the size of the particles and the height to which they were 
carried. 


220. The particles reaching this country from the distant explosion 
of a typical nuclear weapon detonated over land are spherical in shape 
and consist of fused silica and metallic oxides impregnated with fission 
products. The vast majority are smaller than 0-001 of a centimetre in 
diameter. Particles from the thermonuclear tests in the Pacific atolls differ, 
in that they consist of calcium oxides or carbonates from coral! and are 
irregular in shape. Both varieties are radioactive. 


221. Different types of weapon produce a similar mixture of fission 
products in slightly different proportions, but the overall rate of decay of 
radioactivity is almost the same in all types. The total radioactivity decays to 
one-tenth of the original level for each seven-fold increase of time in days, as 
measured from the moment of detonation; thus, if the radioactivity is one 
unit on the first day after detonation, it is 1/10 unit at seven days, 1/100 
unit at 49 days, and so on. 


222. At the time of atomic explosions some normally stable elements may 
become radioactive by virtue of the capture of neutrons. Such induced 
activities are for all practical purposes short-lived and therefore of little 
importance when long-term hazards are being considered. 


223. Since January 1951, continual watch has been kept by the Atomic 
Energy Authority on the radioactive fall-out reaching this country from 
nuclear devices exploded in other parts of the world. The activity in rain 
water at selected sites is recorded continuously. In addition the atmosphere is 
sampled daily by the collection of dust on a cylindrical filter through which 
about 1,500 kilogrammes of air are passed; and the radioactivity of the 
filter papers is determined (Appendix M). 


Radioactivity in air 

224. When the ordinary type of atomic bomb is exploded in Nevada, the 
dust-cloud rises to a height of about 40,000 feet. It then travels eastwards 
with the winds which prevail at that height and diffuses both vertically and 
laterally. It may or may not pass over this country on its first circuit round 
the world: if it does so, it will usually appear about 5 days after the 
explosion. The cloud continues circling the earth, and peaks of activity can 
be detected over any particular place in its path at about monthly intervals. 
The total radioactivity per unit volume of air falls progressively with time 
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owing to decay of the radioactive elements, to increased spread of the cloud 
and to deposition on the surface of the earth: approximately half the 
available material is deposited every 22 days. 


225. Clouds from thermonuclear explosions behave differently because of 
the far greater height, approximately 100,000 feet, to which the debris is 
carried. Diffusion downwards from the stratosphere is a very slow process, 
and months after a thermonuclear test explosion most of the radioactive 
debris is still at these great heights. 


226. Dust clouds from distant tests passing on the first circuit over this 

country are usually too high to impart measurable activity to air at ground 
level. Subsequently, at the peak periods, concentrations are in the region of 
five radioactive disintegrations per minute per cubic metre (dpm/m?) of air. 
“From April, 1952, to December, 1955, the mean concentration of activity 
from all bombs exploded in that period was 0°5 dpm/m’. The corresponding 
average activity from naturally occurring radon decay products in the air 
was measured at one of the sampling stations and found to be 130 dpm /m3, 
The debris from the thermonuclear tests in the Pacific in 1954, much of it 
by now already decayed, has mostly still to come down, but it is not 
expected to exceed 0:1 dpm/m? in the next few years. The dose to a person 
fully exposed to air with a radioactivity of 0-5 dpm/m? has been calculated 
to be one millionth of a roentgen per year. 


Deposited radioactivity 


227. The radioactive fall-out is cleared, sooner or later, from the air by 
deposition. Rain contains the bulk of deposited activity and continuing 
measurements have been made since 1951 of the radioactivity of rain water 
collected from specially treated roofs. Any radioactive dust deposited on the 
roofs in spells of dry weather is washed off and included with the next 
sample of rainwater. From these measurements the amount of radioactivity 
deposited per square mile can be determined for each explosion. 


228. The dose that a man standing in the open in this country would 
receive from the deposition of radioactivity from all bombs so far exploded 
has been estimated. It has been assumed that all the radioactivity remains on 
the surface of the earth and that none is lost, as we know some will be, by 
drainage and weathering. Including all ordinary atomic bombs exploded 
before December, 1955, and calculating all the radioactivity which they have 
contributed and will contribute over the next 50 years, it is found that the 
total dose which a man continuously out of doors, night and day, would 
receive is 0005 r. To this dose from ordinary atomic bombs must be added 
the dose from thermonuclear weapons. For these latter the dose from the 
radioactivity still to be deposited is more important. It can be estimated that 
the accumulated dose from thermonuclear weapons is 0-002 to 0-003 r with 
another 0°027 r still to come. 


Total radioactivity from weapons already exploded 


229. All these doses together add up to about 0°035 r from weapons 
already exploded. This is a maximum dose. The loss of radioactivity from 
weathering has not been taken into account, nor has the protection afforded 
by buildings in and around which most people in this country spend a large 
part of their lives. It would be realistic to divide the dose by three for 
weathering and by seven for protection afforded as a result of time spent in 
houses. The average inhabitant of this country may therefore receive in the 
next 50 years between 0-001 and 0-002 r from this fall-out, or 0:02 to 0:04 
per cent of the radiation that he will receive during the same period from 
natural surroundings. 
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230. If the firing of both types of bomb were to continue indefinitely at 
the same rate as over the past few years, there would be a build-up of 
activity gradually reaching a plateau in about a hundred years time which, 
on the same basis of calculation, would give the average individual a dose 
over a period of 30 years of 0026 r or about 0-9 per cent of what he would 
receive in the same period from natural sources. 


231. The most impressive feature of these figures for exposure from fall-out 
is the very great effect of a very few thermonuclear explosions. This is not 
surprising since their power is measured in equivalents of millions of tons 
of TNT compared with the thousands of tons for atomic bombs. If the 
rate of firing this type of weapon increases, the radiation exposure will be 
altered proportionally. 


SPECIAL HAZARDS FROM RADIOACTIVE FISSION PRODUCTS 


Particulate contamination 


232. The total radioactivity in the air from fall-out is measured daily, and 
determinations are made of selected individual radioactive substances. The 
activity will arise from particles which may be inhaled into the lung. It can 
be calculated, however, that not more than one or two particles of the more 
highly active substances are breathed by any person in the course of a year 
(Appendix M). Although the radioactivity of these particles is minute, it is 
concentrated in a few million-millionths of a cubic centimetre (10-” c.c.) 
and the possibility of their creating a hazard must therefore be considered. 
The International Commission on Radiological Protection has concluded that 
the critical volume of tissue to be taken into account is of the order of one 
cubic centimetre, which is a larger volume than could be heavily irradiated 
by a few such radioactive particles. It seems unlikely that particulate con- 
tamination of the air from the fall-out from test explosions would constitute 
a problem in ordinary civilian life. 


233. Radioactive material from the air is deposited and accumulates on the 
ground where it may contaminate drinking water and agricultural crops. 
After deposition it becomes possible to make routine measurements of the 
present concentration of the more dangerous radioactive substances. By 
December, 1955, this concentration amounted to 0°011 curie of strontium 90 
and 0-0002 curie of plutonium 239 per square mile. The continuing fall-out 
from explosions which have already taken place will cause a rise, to a 
maximum by about 1965, of around 0-045 curie of strontium 90 per square 
mile. These figures should be viewed against the background of the fact 
that the top one foot of soil has always contained on the average about 
one curie per square mile of the equally, if not more, dangerous naturally 
occurring radium. 


Strontium 90 


234. From the point of view of general contamination of the world, the 
hazard from deposited strontium 90 might, according to present ideas, be 
greater than that from external radiation, since strontium, like radium, is 
ordinarily retained in the body and deposited in bone. The average concen- 
tration of radioactive strontium in rain water over a period of three years 
ending December, 1955, was 1:7 micro-microcuries per litre and, since most 
water passes through soil before being drunk, the activity reaching human 
beings through drinking water is extremely small. 


235. Strontium 90 is deposited on herbage and soil and is then absorbed 
into plants. Man and animals consuming the leaves of plants will therefore 
receive strontium 90 in food as well as in water. The hazard is greater for 
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grazing animals than for man, since animals may crop herbage from wide 
areas of contaminated pasture. Man, moreover, relies for his food more on 
grains and roots, which are not sites of concentration of strontium, and on 
animal produce from which the animal has removed most of the strontium 
to its bones. Cows’ milk contains strontium, but fortunately the cow in its 
metabolic processes secretes calcium into the milk in preference to strontium. 


236. The importance of radioactive strontium, compared with other long- 
lived fission products produced by exploding nuclear weapons, derives from 
four factors; its relative abundance among the fission products, its facility 
for following calcium through the human food chain, the ease with which 
it is absorbed, and the fact that, once absorbed, it is stored for long periods 
in the bones of the body. In bones it forms more or less localised deposits 
which, judging by animal experiments and according to analogy with the 
action of radium compounds on human subjects, can if present in sufficient 
amounts give rise to bone tumours or, by irradiating the neighbouring bone 
marrow, to aplastic anaemia or leukaemia. There is evidence that the young 
are more susceptible to its action than adults. Such measurements as have 
been made of strontium 90 in human bone suggest that the highest levels are 
at present about a thousand times jess than is considered permissible for 
those occupationally exposed. 


Plutonium 


237. Plutonium 239, another very long-lived radioactive element, is also a 
potentially dangerous contaminant since, like strontium, it is deposited in bone. 
The amount of activity from plutonium in fall-out is smaii reiative to that 
of strontium 90, its solubility is low, and less than one-tenth of one per cent 
of the amount taken by mouth is absorbed. The hazard from plutonium in 
fall-out debris is thus very small. 


Caesium 


238. Very sensitive methods of measuring the radioactivity of the human 
body have now been developed and, on the records obtained in recent months, 
there has been some indication of gamma radiation suspected to be due to 
the long-lived fission product caesium 137. Although it is not possible yet 
to identify with certainty the source of this radiation, calculations have been 
made on the assumption that it is due to this isotope. Caesium is not con- 
centrated in any particular organ of the body and, on the basis of present 
information, is unlikely materially to affect the figure given above for the 
dose from the fission products deposited on the ground. 


Other important isotopes 


239. Of the other elements in mixed fission products strontium 89 and 
barium 140 behaves similarly to strontium 90; iodine 131, which is easily 
absorbed, is highly concentrated in the thyroid gland. These three isotopes, 
having half-lives which are only a matter of days, are of very little sig- 
nificance in relation to the long-range fall-out from atomic bombs, since most 
of their radioactivity will have decayed before they are deposited. In relation 
to the heavily contaminated areas within a few hundred miles of the explosion 
of a thermonuclear bomb, however, they will be of great importance. 


TOTAL GONAD DOSE FROM MAN-MADE SOURCES OF RADIATION 


240. Information on the total dose to the gonads from man-made sources 
of radiation is summarised in Table 4, the dose from each source being 
expressed as a percentage of the dose received from natural sources. It will 
be seen that the total dose amounts to approximately 25 per cent of that 
already received from the natural background. 
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TABLE 4 


Summary of estimated population doses of radiation to the gonads 
expressed as percentages of natural background 





Approximate dose to gonads as a 


Source of Radiation percentage of natural background 





Natural background Pn Pr ed ‘“ 100 
Diagnostic radiology ke wi we bh « at least 22 
Radiotherapy sf vie 7 
Shoe-fitting ... si red al < be. 0-1 
Luminous watches and clocks zs i mA 1 
Television sets = ux 4 Pe as much less than 1 
High altitude flying ... By ee Be, Bi insignificant 
Occupational exposure: 

Radiology and Industry vs Af ride at least 1-6 

Atomic Energy Authority he ide 0-1 
Fall-out from test explosions A ae ye. less than 1 


Nuclear Warfare 


241. Atomic bombs were developed for their capacity to create blast, 
which was the chief cause of casualties at Hiroshima and Nagasaki. The 
additional effects of the detonation of a nuclear weapon are due to the release 
of other forms of energy—heat and ionizing radiation. The ionizing 
radiations produced by the weapons are the new feature of military opera- 
tions. Of the prompt radiations, produced at the moment of explosion, 
neutrons are the direct result of the process of nuclear fission. Gamma 
rays are also a by-product of fission but most of these are produced immedi- 
ately after the detonation by the enormous quantities of radioactive fission 
products. The rapid ending of the gamma-flash at ground level after an 
explosion is due partly to the ephemeral nature of the radioactivities of many 
of the fission products and partly to the very rapid removal of the debris in 
the up-draught of hot gases. 


242. The effective range of the prompt ionizing radiations from an ordinary 
atomic bomb explosion is less than that of the thermal radiation, and at 
Hiroshima and Nagasaki the range within which death and severe injury 
from ionizing radiations were encountered was about one mile, as compared 
with up to three miles for severe flash burns and five miles for indirect blast 
effects. 


243. The notable feature of the ionizing radiations is that, in contrast to 
the heat rays, they are very penetrating. Clothing which may be adequate to 
shield the body from heat flash is ‘ transparent’ to these rays, and even four 
inches of concrete transmit half the radiation at a distance of one mile 
from the atomic bomb burst. Thus, at ranges relatively close to such a 
weapon, people in stoutly constructed buildings might survive the effects 
of the heat and blast waves but suffer from the damaging effects of the 
penetrating gamma rays and neutrons. 


244. From the comparative ranges of the heat flash and ionizing radiation 
it will be seen that distance is a factor of great importance. With gamma- 
rays, as with heat, the intensity falls in proportion to the square of the 
distance and is diminished by an attenuation factor. It is unlikely that the 
prompt radiations from thermonuclear weapons would be relatively more 
significant than those from atomic weapons. The hazard from radiation is 
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therefore only one of the immediate effects of nuclear weapon explosions, 
and a relatively minor one in a holocaust. Its particular importance lies in 
the delayed and distant effects, which arise from the radioactive fission 
products. 


245. At Hiroshima and Nagasaki the atomic bombs were exploded high 
in the air so as to obtain the maximum effects from blast. Virtually all 
the fission products were therefore carried up with the hot gases and must 
have been enormously diluted before being deposited gradually round the 
world. However, some did fall to earth locally and presumably contributed 
to the delayed effects recorded by the Atomic Bomb Casualty Commission. 


246. When bombs are exploded in or near the surface of the ground or 
near the surface of water, much debris highly contaminated with fission 
products is flung into the air and the large particles are deposited more or 
less locally. Some of intermediate particle size is carried by the local winds 
and gradually diffuses and settles down-wind. The best known phenomenon 
of this character following a test-explosion arose from the thermonuclear 
device exploded on Ist March, 1954. According to the Press release in 
February, 1955, of the United States Atomic Energy Commission, the area 
over which fission products settled to give a radiation dose which might 
well have been lethal to a man unable to take shelter was about 7,000 square 
miles. Over a considerably larger area, conditions in the open would have 
been hazardous to man and beast. The size and shape of these lethal and 
hazardous areas will vary with the conditions of the explosion and of the 
local meteorology. Nevertheless, the inferences are plain: weapons such as 
these can be devastating, not only locally over areas measuring hundreds of 
square miles, but in their more distant effects, which may occur over 
thousands and tens of thousands of square miles. 
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CHAPTER Vi 


ASSESSMENT OF THE HAZARDS OF EXPOSURE 
TO RADIATION 


247. We have reviewed the effects of radiation both upon the exposed 
individual during his own lifetime and upon his descendants. It is now 
necessary to relate these effects to dose levels, and to attempt to assess the 
consequences of exposure to those levels of radiation which now occur or — 
might conceivably come about in the future. 


248. li will be recalled that human beings have always been exposed 
to radiation from outer space and from traces of radioactive materials in 
their surroundings and in their own bodies. The problem is, therefore, to 
assess the effects of any additional radiation to which they are or may be 
subjected, rather than to define a new experience. Our ignorance of the 
results of exposure to radiation is great and much intensive research is 
required in many fields ; but the naturally occurring background of radiation 
to which mankind has long been adjusted can be taken with some confidence 
as a Safe standard of reference, whether we are considering irradiation from 
outside the body or from radioactive materials taken into the body and stored, 
temporarily or permanently, in its tissues. 


Differences between individual and genetic effects 


249. Different considerations enter into the assessment of the significance 
of any particular level of exposure, according to whether we are concerned 
with effects on the individual or with genetic effects. In respect of the 
effects on the individual, we are concerned with doses received throughout 
the whole of life. In respect of genetic effects, however, we are concerned 
only with doses to the gonads received up to and during the reproductive 
period of life. In this country the average age of mothers conceiving children 
is about 28 years ; of fathers, two to four years older. We have therefore taken 
the period of 30 years to represent the average length of time during which 
the germ cell lineage of the human population is effectively exposed to radiation. 
From a genetic point of view, any exposure to radiation after reproduction 
has ceased is irrelevant, since any mutations produced will not be passed on 
to future generations. 


250. The second important difference relates to the accumulation of the 
effects of exposure on separate occasions. The genetic effects of radiation 
are cumulative ; a mutation persists once it has been produced in a germ 
cell lineage, and to this are added any further mutations that are induced 
in the same reproductive cells. Since dose and effect are proportional, we 
are concerned, from the genetic point of view, with the total dose of radiation 
which has been accumulated up to any particular time in the reproductive 
period of life. 


251. The position with regard to the effects of successive doses on the 
individual is incompletely known. It is certain that a dose of radiation 
which would produce acute effects if given as one single exposure may produce 
no similar effects if spread over a longer period. Moreover, if a sufficient period 
has elapsed after recovery from the acute effects, the individual may again 
recover from a further exposure which produces acute symptoms. Uncertainty 
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arises in relation to some important delayed effects of radiation where, in 
view of the results on the increased incidence of leukaemia in repeatedly 
irradiated cases of ankylosing spondylitis, we must now entertain the possi- 
bility that repeated exposures to radiation may combine to produce certain 
irreversible changes in the tissues exposed. 


Dosage and Effects on the Individual 

Acute effects 

252. The effects which appear within the first 48 hours are seen only as 
a result of accidents and in those within a short distance from an atomic 
bomb explosion, or occasionally after exposure to the heavy doses of 
radiation which may be necessary in the treatment of serious illnesses by 
radiotherapy. They are, therefore, not important in ordinary civilian 
circumstances. 


253. The same considerations apply to the acute effects on the blood 
occurring up to two months after exposure to a single dose or to a few heavy 
doses of radiation. Similar effects occurring later can, however, be produced 
by doses of radiation, given continuously or repeated at short intervals, 
which would not be sufficient to produce any symptoms in the first few hours. 
Formerly, it was thought that continuous exposure to 1:0 r per week would 
produce no effects on the blood but, after some individuals were found to be 
affected by this dose, the figure recommended by national and international 
bodies as the maximum permissible level was reduced to 0°3 r per week. 


Delayed effects 

254. Of the delayed effects, the one about which we have most informa- 
tion is leukaemia. It also appears to be the most easily induced and seems, 
at present, to be the most important as far as radiation of the whole body 
is concerned. We have therefore taken the incidence of leukaemia as a 
measure of the doses of radiation that are capable of producing delayed 
effects. The statistical evidence indicates that an increased incidence of 
leukaemia can be demonstrated after exposure to doses of radiation which 
might, in exceptional circumstances, be met with in civil life. For example, 
after either a single exposure of 200 r, or a few exposures which in total 
amount to 200 r, there is a noteworthy increase in the small chance of 
developing this disease. What we do not know for certain is whether there 
would be an increase if a total dose of 200 r were spread over many years. 
Be this as it may. however, any risk that there may be from such a dose 
appears to be within the range of risks of other kinds commonly incurred 
in industrial and professional life. 


255. We consider, therefore, that an individuai could, without feeling undue 
concern about developing any of the delayed effects, accept a total dose of 
200 r in his life-time, in addition to radiation from the natural background, 
provided that this dose is distributed over tens of years and that the 
maximum weekly exposure, averaged over any period of 13 consecutive 
weeks, does not exceed 0°3 r. We recommend, however, that the aim should 
always be to keep the level of exposure as low as possible. 


Internal radiation 


256. The problem of irradiation by radioactive materials taken into. the 
body is in some ways a more complex and difficult one. The material is 
often concentrated in a particular tissue, such as bone, where it may give 
rise to malignant change. Owing to the short distance that the rays from a 
particular concentration of radioactive material can penetrate the tissues, the 
dose of radiation is extremely variable from place to place in the body. 
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Nevertheless, on the basis of the known levels of external radiation that 
can be tolerated, and of experience gained from the accidental ingestion 
of substances such as radium, ‘ permissible’ levels of exposure for a large 
number of radioactive isotopes have been agreed. No single level that com- 
prehends them all can be given, since each isotope emits its own characteristic 
amount and type of radiation, dies away at its own rate, and is absorbed and 
excreted at a rate dependent on-its chemical form and its method of entry 
into the body. However, it has now been possible to estimate for many 
different isotopes the concentrations that it is safe to accumulate.* 


Dosage and Genetic Effects 


257. Our conclusion in the chapter on genetics was that ‘For levels of 
radiation up to the doubling dose, and even some way beyond, the genetic 
effects of radiation are only appreciable when reckoned over the population 
as a whole and need cause no alarm to the individual on his own account’. 
In other words they are essentially problems for society as a whole, to be 
assessed in terms of the load of medical care that may, in different circum- 
stances, be imposed on the population. 


258. In ordinary circumstances only a small fraction, perhaps one or two 
per cent, of the hereditary abnormalities which appear in a generation can 
be attributed to fresh gene mutations. For the offspring of any given parents 
the risk from increasing the mutation rate is very slight. Nevertheless, if the 
whole of a large population is exposed to enough radiation appreciably to 
affect mutation rates, an increase even in this small fraction may add up to a 
large number of new cases. However, it is only if members of an irradiated 
group or their descendants intermarry over several generations, and do not 
mate with the unirradiated population, that there is likely to be a dispropor- 
tionately greater manifestation of hereditary defects among the descendants. 
Such an extreme degree of inbreeding is unlikely to occur. A fraction of the 
community can, therefore, without significant genetic risk to their progeny 
or harm to the population as a whole, receive doses of radiation which would 
be likely to have serious effects if applied to the whole population (see 
paragraphs 185-187). 


259. From the genetic point of view, we have therefore to consider radia- 
tion dosage under three headings: 


(i) The dose which the individual can accept without undue concern about 
its possible effects on his own progeny. 


(ii) The dose which can be accepted by a fraction of the population whose 
occupation exposes them to more than the dose of radiation received 
by the ordinary member of the community. 


(iii) The dose which can be accepted by the whole population. 


Dose to the individual in relation to genetic effects 


260. We have concluded that doses up to, and somewhat beyond, the 
‘doubling dose’ need cause no undue concern to the individual as regards 
his own offspring. Further, we gave reasons for believing that the values 
for the doubling dose of radiation for human genes may be, in general, in 
the range of 30 r to 80 r. We consider, therefore, that an individual could 





* Precise data for a large number of isotopes are given, for example, in the Recommenda- 
tions of the International Commission on Radiological Protection (1955) (Brit. J. Radiol.. 
N.S., Suppl. No. 6). 
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reasonably accept a total dose to the gonads of not more than 50 'r from 
conception to the age of 30 years, in addition to that received from the 
natural background. There will be no undue risk to the offspring of parents 
over this age provided the rate of exposure laid down in paragraph 255 
is not exceeded. 


Dose to occupationally exposed groups 


261. Similar considerations apply to groups of the community whose 
occupation exposes them to more than the usual dose of radiation. Provided 
that such groups do not in aggregate total more than one-fiftieth of our 
population, we consider that all their members could each safely receive a 
total: gonad dose of up to 50 r from conception to the age of 30 years, in 
addition to that received from the natural background. 


Dose to the whole population 


262. In the chapter on genetics we tried to give an indication of the load 
on the community that might be imposed by a doubling of mutation rates. 
It will be generally agreed that such a load should not voluntarily be 
accepted. In relation to genetic changes in the whole population, the significant 
figure is the total gonad dose of radiation which is received by all those 
capable of reproduction. A relatively high dose to a fraction of the popula- 
tion can only be offset by a correspondingly low dose to the remainder. 
If, therefore, we are to contemplate the possibility—-and the necessity to 
develop the beneficent uses of atomic energy and ionizing radiations forces 
us to do so—that a significant fraction of our population may in future be 
allowed to receive doses of radiation of a similar order to the doubling 
dose, then it becomes additionally important to ensure that the dose of 
radiation to the rest of the community shall be held at the lowest possible 
level. . 


263. In view of the inadequacy of present knowledge, however, we do not 
feel justified in naming any specific figure as a limit for the average exposure 
of the whole population. It is nonetheless highly desirable that such a figure 
should be named as soon as possible and we understand that the Inter- 
national Commission on Radiological Protection has this matter under 
consideration. In the meantime, we feel bound to state our opinion that it 
is unlikely that any authoritative recommendation will name a figure for 
a permissible radiation dose to the whole population, additional to that 
received from natural sources, which is more than twice that of the general 
value for natural background radiation. The recommended figure may indeed 
be appreciably lower than this; and we consider that those on whom rests 
the responsibility for authorising the development and use of sources of 
ionizing radiation would be well advised to keep this possibility in mind. 


The Hazards from Radiation 


264. In the light of these general criteria, we may now proceed to examine 
the various hazards, actual and potential, to which the population in a 
country like our own may be exposed in consequence of the increasing use of 
ionizing radiation. In doing so, it will be necessary to distinguish between the 
hazards of peacetime experience and those which may be encountered in 
war. 

PEACETIME HAZARDS 


265. The development of modern civilisation has led to the increasing use 
of processes which produce radiations. Its future progress will come to 
depend, to an ever increasing extent, upon their further exploitation in power 
production, in industry, in medicine and in agriculture, as well as in basic 
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scientific research. It would be impossible to abolish their use without 
denying ourselves services upon which we have already come to rely; and, 
in the future, nuclear energy will constitute a major, if not the most important, 
physical factor upon which our civilisation will depend. In assessing the 
hazards consequent upon its use, it is therefore necessary to maintain a sense 
of perspective and to weigh, as society has done in the case of steam-power, 
electricity and the internal combustion engine, the risks entailed against the 
advantages to be gained from the employment of this newer source of 
power. The risks are twofold: those to the individual and those to the 
population as a whole. In regard to the former, we may indicate our own 
assessment by saying that, in view of the small numbers likely to be employed 
in atomic power production and of experience already gained in the effective- 
ness of protective methods, it seems probable that a given amount of power 
might be made available to the community at a smailer cost in accidents. 
illness and disability than that involved in present methods of mining and 
power production. The novel aspect of the situation lies in the possible 
genetic risk to the community as a whole. The considerations which we have 
put forward suggest that, although this is at present small and seems unlikely 
ever to be large, it is potentially important. We propose now to indicate 
the relative hazards of particular uses and to point out where and how 
these may be expected to increase or should be curtailed. 


266. In the chapter on exposure levels, the contributions of the various 
man-made sources of ionizing radiation to the total! cxposure were expressed 
as percentages of the radiation received from natural sources; and it was 
shown that today the population of this country receives, from man-made 
sources, a dose of radiation equivalent to at least one-quarter of that from 
the natural background. In itself this figure. which amounts to less than 1 r 
over a period of 30 years, can give rise to no immediate apprehensions ; 
but its significance should not be disregarded. From the point of view of 
population genetics, all extra radiation is undesirable, and it is at least 
a portent that, in the half century following the discovery of ionizing radia- 
tion, man has increased his exposure levels by about 25 per cent. It does 
not therefore seem to be too early to suggest where the use of ionizing radia- 
tion might be restricted. 


Medical diagnostic radiology 


267. The greatest contribution in this country to the increased exposure 
to radiation comes from medical diagnostic radiology, the application of 
which has been steadily increasing in amount and scope in recent years. 
A large proportion of the genetically significant dose derived from diagnostic 
radiology is contributed by relatively few types of examinations, of which 
fluoroscopic and radiological examination of the female pelvis, and 
examinations of the hip joint and lumbar spine in males, are important 
examples. Clearly, the small genetic risk to the community and to indi- 
viduals must be weighed against the possible great advantage and even 
necessity of the radiological examination to the particular patient. The final 
decision must be made on medical grounds. There can, however, be no doubt 
that the risk could in many instances be reduced, not only by a reduction 
of the actual number of examinations carried out on young people, but 
also by the use of modern methods of X-ray examination and by strict limita- 
tion of the X-ray beam to those parts of the body which have to be exposed. 
From the point of view of the dose distributed over the population as a whole, 
and from the point of view of the special risks to individuals associated 
with examinations involving heavy exposure, we are of the opinion that 
the time has arrived for a review of present practice in diagnostic radiology. 
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Radiotherapy 

268. The dangers associated with the heavy exposures employed in radio- 
therapy are well recognised, and the illnesses for which it is used are usually 
so serious that the risks can be fully justified. In addition, many of the 
patients treated for cancer are of an age when the genetic risk will be 
small. Nevertheless, treatment by radiotherapy of certain non-malignant 
conditions, particularly in children, could with advantage be reconsidered 
from the point of view of reassessing the risks entailed against the benefits 
conferred. 


269. The increasing use of therapeutic amounts of radioactive isotopes 
must also be carefully assessed and controlled, although at the present time 
the total used is probably of little practical significance from a genetical 
point of view. Should, however, their use become widespread in relation to 
common diseases of early or middle life, they might make a significant con- 
tribution. The risks from the use of ‘tracer’ amounts of radioactive sub- 
stances in diagnosis and investigation are at present very small. 


Occupational exposure: Atomic Energy Authority employees 

270. For a number of years the main group of persons exposed to radia- 
tions were workers in the X-ray and radium departments of hospitals. Later, 
this experience was supplemented by careful observations of those employed 
in atomic energy projects and the various atomic industries. We have already 
seen that, as a result of all this experience, the maximum permissible level 
of radiation for workers was fixed at 0-3 r per week, and this figure is still 
regarded as a satisfactory working level provided that it is not maintained 
for years on end. There is, however, no large factor of safety in this figure 
and, as we have seen above, other limitations are needed for those 
exposed over very long periods of time. The excellent practice of the Atomic 
Energy Authority, now the main industrial employer of persons occupa- 
tionally exposed to radiation, is shown by their record that the average 
exposure of their employees is less than half a roentgen yearly, and that their 
contribution to the population gonad dose is only about 0-1 per cent of that 
contributed by the natural background. These, however, are average doses ; 
but, even if one takes the maximum exposure of those employees engaged 
in special tasks, this has only occasionally and for short periods approached 
the maximum permissible dose of 0:3 r per week. In view of the expected 
development of atomic energy as a source of power, this evidence of the 
awareness of the risk, and of the care with which it is being met, gives 
justifiable grounds for reassurance. 


Radioactive effluents 

271. Concern has been expressed about the possible emission from some 
nuclear reactors of radioactive particulate matter, which on inhalation might 
lodge in the lungs and give rise ultimately to cancer. This possible risk is 
well recognised and has been effectively dealt with. 


272. Similar concern has been felt about the disposal of radioactive wastes. 
It is true that the amounts of radioactive material involved are formidable, 
but by treatment, by long-term storage to allow of decay, by concentration to 
relatively small bulk and subsequent burial in sealed containers or disposal in 
the depths of the ocean, there seems no reason to doubt that this problem can 
continue to be solved. In this country strict control of the hazard is 
exercised by legislation. 


Occupational exposure : hospital employees 
273. The handling of large quantities of radioactive isotopes in the treat- 
ent and investigation of patients in hospitals raises many difficult problems 
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but, with adequate care and training of the workers concerned, experience 
shows that the doses received can be kept down to one-tenth or less of the 
maximum permissible levels. 


274. In this country a code of practice, formulated by the Ministry of 
Health on the advice of the Medical Research Council, has been drawn up 
for the National Health Service. This lays down the relevant permissible levels 
of exposure as well! as giving instructions and suggestions for the implementa- 
tion of these in practice. 


Other industrial employees 


275. The control of radiological hazards in non-atomic industry will be 
more difficult to codify owing to the wide variety of circumstances in which 
ionizing radiations are used. Measurements of the doses received by many 
workers are made periodically, but it is difficult to avoid the impression that 
industrial personnel are, in general, less aware of the hazards of radiation 
than those engaged in the fields of medicine and atomic energy. The record 
of the Atomic Energy Authority shows the standard that is attainable and 
the practicability of being satisfied with nothing less. 


Definition and review of safety standards 


276. All these problems are under close and continuous scrutiny. Expert 
national committees, notably those of the Medica] Research Council and 
Ministry of Health, work in close conjunction with international bodies 
uch as the International Commission on Radiological Protection (itself 
associated with the World Health Organization), so that a wealth of experience 
is brought to bear on all these problems, and the standards of safety are 
under constant review. 


Miscellaneous sources of radiation 


277. There are several other sources of radiation which at present con- 
tribute only very small amounts but which cannot be disregarded. The 
practice of routinely examining the feet by X-rays when fitting shoes is of 
dubious value and, in view of the possibilities of multipie exposures to 
children, may even be dangerous. On the basis of avoiding any unnecessary 
exposure, it is in our view hardly justifiable. We hope that the procedure 
will be abandoned, except when prescribed for orthopaedic reasons. 


278. The contribution of radiation from watches and clocks with luminous 
dials is also small but real. The main hazard is to workers in the luminising 
industry but the risk from the widespread use of such instruments is not 
entirely negligible. We recognise that there are circumstances which require 
the use of instruments with self-luminous dials. For the majority, however, 
there is no such necessity and their wider use constitutes an avoidable, if 
small, risk which could be minimised for all concerned if the amount of 
radioactive material in these instruments was reduced to the lowest possible 
level. 


279. It has been recognised that television sets give rise to very small 
amounts of X-rays, but at the present time radiation from this source does 
not constitute either a personal or a significant genetic hazard. This applies 
to domestic sets working at normal operational voltages but, near special 
types of high voltage projection equipment used commercially, the radiation 
may reach significant levels, although it is improbable that in practice any 
operator would be appreciably exposed. Nevertheless, the possibility of 
television equipment giving rise to radiations should be borne in mind when 
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considering the design and operation of such instruments. So far as sets 
used by the general public are concerned, most of the radiation is normally 
absorbed in the apparatus itself and is insignificant at the usual viewing 
distances. 


Test explosions of nuclear weapons 


280. It is impossible to explode a nuclear weapon without liberating radio- 
active matter into the atmosphere. As described in the chapter on exposure 
levels, the radioactive material diffuses all over the world and in the course 
of time is gradually deposited on the surface of the earth and comes into con- 
tact with human beings. Continuation for an indefinite time of testing at the 
same rate as over the last few years would gradually increase the contamina- 
tion of the atmosphere, until in about 100 years time the average individual 
in this country would receive a dose of external radiation to the gonads of 
0-026 r in 30 years of his life, an amount which represents only one per cent 
of that received from the natural background. The individual and genetic 
effects of such a dose of external radiation would be insignificant. 


281. Account must be taken, however, of the particular hazard from radio- 
active strontium in the fall-out. The maximum permissible level of strontium 
90 in the human skeleton, accepted by the International Commission on 
Radiological Protection, corresponds to 1000 micro-microcuries per gramme of 
calcium. But this is the maximum permissible level for adults in special 
occupations and is not suitable for application to the population as a whole 
or to children with their greater sensitivity to radiations and greater expecta- 
tion of life. It is known that radiostrontium is more heavily concentrated in 
the bones of young than cf adult animals, and the few measurements on 
human bones indicate that at the present time those of children contain about 
ten times the concentration found in those of adults. We consider, therefore, 
that the maximum allowable concentration of radiostrontium in the bones 
of the general population, with its proportion of young children, should not 
be greater than 100 micro-microcuries of strontium 90 per gramme of 
calcium. 


282. In this country, measurements on human bones of the radiostrontium 
content, derived from the nuclear explosions that have already occurred, show 
that the irradiation from this source is now reaching about one-thousandth of 
the maximum permissible occupational level ; and calculation of the fall-out 
likely to come, if the present rate of firing continues, suggests that this level 
may be increased ten-fold in the course of several decades. The present level 
would produce no detectable increase in the incidence of ill-effects. It is 
evident, however, that we are now accumulating radiostrontium at an 
appreciable rate and that a close watch will need to be kept on this increase. 


283. In the light of knowledge at present available, we should feel that 
immediate consideration were required if the concentration in human bones 
showed signs of rising greatly beyond one-hundredth of that corresponding 
to the maximum permissible occupational level. 


284. We are well aware of the inadequacy of our knowledge of the 
biological effects of radioactive strontium and of the urgent necessity to obtain 
further information. Nevertheless, recognising all the inadequacy of our 
present knowledge, we cannot ignore the possibility that, if the rate of firing 
increases and particularly if greater numbers of thermonuclear weapons are 
used, we could, within the life-time of some now living, be approaching 
levels at which ill-effects might be produced in a small number of the 
population. 
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285. The general conclusion to be drawn from a consideration of the 
hazards inseparable from the application of ionizing radiations in peacetime 
is that at present there is no cause for alarm; but that, as all such radiations 
are potentially dangerous, their use should be the subject of constant and 
close scrutiny, and that adequate justification should be required for their 
employment on however small a scale. There is a limit to the amount of 
radiation which any population or any individual can accept and we cannot 
afford to expend, without careful forethought, the margin which is now 
available to us. 


WARTIME HWAZARDS 


286. We have given a brief résumé of the effects of nuclear warfare. 
From this it will be seen that there are three broad categories of effect: 
those within the range of the actual explosion, those within the contiguous 
area in which radioactive fission products settle, and world-wide effects due 
to the contamination of the atmosphere. 


287. Within close range of the explosion, nuclear radiations are but one 
element in the destructive effect. Blast and heat would be of major and 
probably of more immediate importance in producing casualties but survivors, 
unless heavily sheltered, wou!d have been exposed to such an intensity of 
radiation that they would be at risk of developing each and all of the effects 
that we have described. 


288. Explosions of atomic weapons always give.rise to radioactive fission 
products, the heavier particles of which settle in. the vicinity. With a 
ground burst of a thermonuclear weapon, the area of intense fall-out may 
cover hundreds of square miles. Within this area, those who were not in 
shelter, and did not remain under cover until the radicactivity of the fall-cut 
had decayed substantially, would be exposed to intensities of radiation 
sufficient to produce the effects described in all grades of severity. Outside 
this area, there would be another zone, measured in thousands of square 
miles, where significant intensities of radiation would occur and where a 
proportion of those exposed would be at risk of serious consequences. 


289. It must be emphasised that these doses, from the point of view both 
of the individual and of the general population, are several thousand times 
greater than those we have considered as possible peacetime hazards. 


290. The importance of the effects of atomic warfare which would be relayed 
through contamination of the atmosphere to parts of the world remote from 
the actual conflict, would depend upon the number and type of bombs 
exploded. Given a sufficient number of bombs, no part of the world would 
escape exposure to biologically significant levels of radiation. To a greater 
or less degree, a legacy of genetic damage would be incurred, and an 
increased incidence of delayed effects on the individual would probably 
be induced. Although it is difficult to imagine the general occurrence of 
radiation intensities which would eliminate the entire human race, atomic 
warfare on a large scale could not fail to increase for many generations the 
load of distress and suffering that individuals and all human societies would 
be called upon to support. 
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CHAPTER VII 


SUMMARY 


291. The future development of civilisation is bound up with the exploita- 
tion of nuclear energy. Its use, like that of other sources of energy, 
entails risk, but the risk is controllable and, within limits, can be 
accepted. It is the scale and not the nature of the hazard that is new, for 
human populations have always been exposed to natural radiation of low 
intensity. (Paragraphs 1-14.) 


THE NATURE OF RADIATION AND ITS ACTION ON LIVING CELLS 


292. Ionizing radiations are so described because they cause the formation 
of electrically charged particles, ions, in the matter through which they pass. 
The common types of penetrating radiation are X-rays, gamma rays, alpha 
and beta particles, and neutrons. Alpha particles cannot penetrate tissue 
beyond a fraction of a millimetre but gamma rays, and X-rays produced by 
extremely high voltages, ean traverse the whole body. (Paragraphs 15-20.) 


293. The biological effects of radiation are related to the intensity of radia- 
tion and to the period of exposure. The basic unit of radiation dosage which 
has been generaily used is the roentgen (r). All living tissue can be killed 
if exposed to sufficiently high doses of radiation. The effects of dosages below 
those which damage tissues irretrievabiy may be modified by processes of 
healing, so that the response to a dose of radiation which is spread over a 
long time may be much smaller than, or quite different from, the response 
which would occur if the same dose were given in a very short time. This 
does not apply to the important type of genetic effect, called gene mutation, 
produced by the irradiation of reproductive cells, the consequences of which 
are cumulative and irreversible. (Paragraphs 21-27.) 


THE EFFECTS OF RADIATION ON THE HEALTH OF THE INDIVIDUAL 


Sources of information 


294. Our knowledge of the effects of ionizing radiations on human beings 
comes from four main sources: from the uses of X-rays and radium in the 
treatment of disease, mainly of cancer; from a study of the occupational 
hazards of medical radiologists, workers in the luminising industry, and 
miners of radioactive ores; from a study of the victims of atom bomb 
explosions ; and from experiments on animals. (Paragraphs 28-34.) 


The harmful effects of radiation on man 


295. Almost all the effects of ionizing radiation on tissues are essentially 
deleterious. The benefits to the individual patient of the eradication of a 
malignant tumour by radiotherapy result from selective damage to the 
tumour cells. The nature and severity of radiation injury is determined by 
the type and dosage of radiation received, the part and extent of the body 
irradiated, the length of the period of exposure, and the age of the persons 
exposed. The harmful effects may be classified into those which develop 
within a few weeks of exposure, and delayed effects which may not make 
their appearance until many years after exposure. (Paragraphs 35-42.) 
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Effects occurring within a few weeks of exposure 


296. The effect of exposing the whole body to a single dose of gamma 
radiation of the order of 500 r is such that all the persons so exposed would 
develop acute illness and at least half would die. In ‘civil life, exposure to such 
a dosage could occur only under the most exceptional circumstances. 
With smaller single doses, for example of 100 r, not more than 15 per cent 
of an exposed population would suffer acute illness and very few, if any, 
of those affected would die. After a single dose of 50 r, acute illness would 
be very rare. The relationship between the dose of radiation received and 
the effects that may be produced within a few weeks of exposure is not one 
of strict proportionality ; with each successive and equal increment of dosage 
the response increases by a progressively greater amount, at least until very 
large changes have been produced. (Paragraphs 43-S0.) 


The delayed effects of radiation 


297. Delayed effects of exposure to radiation may occur at any time after 
the end of the second month. Disorders of the skin and underlying soft 
tissues and of bone may occur and there may be subsequent development 
of cancer. Cataracts, severe anaemias and leukaemia have been caused and 
there is evidence from animal experiments that exposure to radiation may 
cause death at a prematurely early age. (Paragraphs 51-52.) 


Leukaemia 


298. Leukaemia is a disease in which there is an uncontrolled over- 
production of white blood corpuscles. Experiments on animals have shown 
that the incidence of leukaemia is increased by irradiation. Clear evidence 
that the same is true of man comes from two main sources: a study by the 
Atomic Bomb Casualty Commission of the incidence of leukaemia in 
Hiroshima and Nagasaki, and a survey under our sponsorship of the incidence 
of leukaemia among patients treated by radiation for ankylosing spondylitis. 

(Paragraphs 53-55.) 


299. Ninety-one proven and fourteen suspected cases of leukaemia have 
been recorded in Hiroshima and Nagasaki between 1947 and 1954 among 
those present at the time of the explosion and still resident in the cities ; 
the expected incidence in an unexposed but otherwise comparable population 
is twenty-five. The difference is greater than would be attributed to chance. 
Moreover, there was a much higher frequency of occurrence among those 
who had developed early acute radiation illness and among those who 
had been nearer to the centre of the explosion. The latent period, that is 
the average length of the period between the explosion and the first appear- 
ance of symptoms of leukaemia, was about six years. The evidence suggests 
that with this type of exposure to radiation the likelihood of developing 
leukaemia, after its initial rise, remains approximately constant up to at least 
the ninth year. (Paragraphs 56-61.) 


300. Ankylosing spondylitis is a disease in which the joints, particularly 
those of the spine, progressively lose their freedom of movement. In the 
treatment of this condition very extensive areas of the body are exposed 
to irradiation. The records of between 13,000 and 14,000 patients, who had 
been treated with X-rays between 1933 and 1954, have been studied. Up to 
1955, thirty-eight of these patients developed leukaemia, an incidence which, 
although only about one-third of one per cent, is about ten times greater 
than the normal expectation. No increased incidence of leukaemia was found 
among 400 patients who had not been treated by irradiation, but the number 
is too small to exclude completely the possibility that ankylosing spondylitis 


1612 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


may of itself predispose its sufferers to leukaemia; nor can the possibility be 
excluded that these patients are more liable than the average person to 
develop leukaemia after irradiation. Nevertheless, there is clear evidence of.a 
correspondence between the dosage of radiation received and the incidence 
of leukaemia. The average length of the latent period between the first 
exposure to X-rays and the diagnosis of leukaemia was about six years. 
(Paragraphs 62-69.) 
301. The conditions of exposure to radiation in Hiroshima and Nagasaki, 
and in the treatment of ankylosing spondylitis, are not comparable with the 
irradiation in small doses over long periods which might be received by 
persons engaged in work with a possible radiation hazard. Some evidence 
has been presented suggesting an increased death rate due to leukaemia 
among radiologists but our knowledge of the occurrence of leukaemia under 
conditions of chronic exposure is too scanty to allow any reliable conclusions 
to be drawn. * (Paragraphs 70-71.) 


Cancers 


302. Two characteristics of cancers induced by radiation are noteworthy : 
ihe tendency of tumours to arise in tissues already severely damaged by 
radiation, and the long latent period, iwenty years or more, before they 
appear. (Paragraph 72.) 


303. A study of the pitchblende miners of Schneeberg and Joachimsthal 
suggests strongly that inhalation of the radioactive gas radon may lead to 
cancer of the lung. The latent period has been put at seventeen years and the 
dosage to the lungs over that period at about 1000 r and in some parts of 
the lung much higher. In theory, the inhalation of radioactive particles 
in the fall-out from atomic explosions or in the vicinity of nuclear reactors 
could also lead to cancer of the lung, but the former hazard is extremely 
unlikely in peacetime, and steps are always taken to ensure that the latter 
does not occur. (Paragraphs 73-76.) 


304. Radium, mesothorium, plutonium and radioactive forms of strontium 
are accumulated by and retained in bone. Until the enforcement of stringent 
controls, cancer of bone occurred among workers in the luminising industry 
as a result of swallowing radium-containing paint. The latent period was 
more than fifteen years. (Paragraphs 77-82.) 


305. Cancer of the skin was the earliest form of radiation-induced tumour 
to be described in man. By 1911, before the adoption of modern safe- 
guards, fifty-four cases had been described among the pioneers of radiology. 
The doses of radiation which have led to the formation of skin cancers must 
have been several thousand r. (Paragraphs 83-84.) 


306. Cancer of the thyroid gland in children has been a sequel to irradia- 
tion of the neck for enlargement of the thymus gland. This form of cancer 
is distinguished by its short latent period (about 7 years) and the compara- 
tively low dosage of radiation required to induce it. However, it is not 
unlikely that other factors are involved here in addition to the direct effect 
of irradiation. (Paragraphs 85-86.) 


Other delayed effects 


307. A fall in the number of red cells and white cells in the blood may 
follow exposure of the whole body to even moderate doses of gamma 
radiation. If not detected in time a condition known as aplastic anaemia 
may occur. (Paragraphs 87-88.) 
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308. Cataract formation is known to have been caused by neutron irradia- 
tion, but for all practical purposes the production of cataract by X-rays is 
not an occupational hazard. (Paragraphs 89-90.) 


309. Delayed effects of radiation on the skin extend from a temporary loss 
of hair after local dosages of 300r—400r to severe and permanent damage 
after local exposure. to single dosages of 1500r or more, or to repeated doses 
totalling 4000r or more in a number of weeks. It is in the skin damaged 
by these higher doses of radiation that tumours, when they occur, are most 
likely to develop. (Paragraphs 91-92.) 


310. Miscarriage and stillbirth may be a consequence of irradiation 
during pregnancy, but they do not constitute a problem unless the dose of 
radiation is large. A number of different developmental abnormalities have 
been described in the children of women treated by irradiation during 
pregnancy, the most conspicuous defect being microcephaly, a partial failure 
of the development of the brain. Eleven cases so classified are recorded in- 
children irradiated before birth in Hiroshima and Nagasaki. 

(Paragraphs 95-97.) 


THE GENETIC EFFECTS OF RADIATION 


311. The assessment of the genetic effects of ionizing radiations is subject 
to special difficulties. We believe that we have formed as fair an assessment 
as is possible in the light of present knowledge, but our conclusions must 
be regarded as provisional. (Paragraph 100.) 


The material basis of heredity 


312. The physical determinants of heredity are genes, carried on chromo- 
somes in the nuclei of cells. Chromosomes are present in pairs ; one member 
of the pair is of maternal origin, the other of paternal origin. There are 
twenty-four pairs of chromosomes in human beings; the number of genes 
is not known, but may well be many thousands. (Paragraphs 101-103.) 


313. The two genes which occupy corresponding positions on the two 
chromosomes of a pair are spoken of as alleles of each other. Alleles of 
different kinds arise by the process of mutation and are thereafter reproduced 
faithfully in their altered form. (Paragraph 104.) 


314. Some genes produce the same effect whether they are paired with like 
or with unlike alleles. Such genes, and the characters they determine, are 
described as dominant. Other genes produce a noticeable effect only when 
paired with similar alleles; these, and the characters they determine, are 
described as recessive. There is every gradation between these two extremes. 
A recessive gene can be transmitted in a family by an individual who gives 
no signs of carrying it. (Paragraphs 105-108.) 


315. Sex difference is determined by a special pair of chromosomes, and 
the genes carried on these chromosomes are said to be sex-linked. 
| (Paragraph 109.) 


316. So far as is known, all genes are subject to mutation, and mutation 
occurs spontaneously all the time at a very low rate. Factors influencing 
mutation appear to affect only the frequency with which it happens. New 
alleles of harmful effect are eliminated by natural selection until equilibrium 
is reached with the rate at which they are introduced by fresh mutation. 
Recessive alleles are eliminated much more slowly than dominant alleles. 

(Paragraphs 111-118.) 
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Basic principles of the genetic effects of radiation 


‘317. There is little direct knowledge of the genetic effects of ionizing 
radiations on man, but with certain reservations it is justifiable to draw upon 
our knowledge of the effects of radiation on other organisms. 

(Paragraph 119.) 


318. Ionizing radiations have genetic consequences only in so far as they 
affect the reproductive cells or the cells ancestral to them in the reproductive 
organs (gonads). Two kinds of effect may have genetic consequences: the 
chromosomes may be damaged or the genes may be caused to mutate more 
frequently. Chromosome changes of the kind that can persist are only rarely 
produced by long continued exposure to X-rays or gamma rays of low 
intensity. They are likely to be a comparatively unimportant radiation 
hazard. (Paragraphs 120-125.) 


319. It is the frequency of gene mutation that is increased by radiation ; 
there is no evidence and little likelihood that radiation produces entirely 
new kinds of genes. The rise in mutation rate is probably directly propor- 
tional to the amount of additional exposure to radiation, and any additional 
exposure, however small, must be expected to raise the mutation rate, if 
only by a minute amount. (Paragraphs 126-127.) 


320. Damage to genetic material is cumulative and irreparable. Long 
continued exposure to radiation of low intensity induces as much gene muta- 
tion as a single exposure to an equal dosage of radiation of higher intensity. 

: (Paragraph 128.) 


321. The age-distribution of those exposed to radiation has an important 
bearing on the future consequences of its effects. The genetic consequences 
of the irradiation of individuals beyond the age of reproduction are of 
course nil. (Paragraph 129.) 


Effects of increased mutation on the incidence of disease in human populations 


322. The role of heredity in the production of disease ranges from that of 
a predisposing to that of a preponderating cause. The effects which might be 
expected to result from an increase in mutation rates can most easily be 
calculated for diseases known to be caused by single genes, but for relatively 
few such diseases have we sufficient evidence of the kind upon which such 
a calculation must be based. (Paragraphs 130-135.) 


323. Achondroplasia, haemophilia, and phenylketonuria have been taken 
as examples of diseases believed to be caused by single genes. If the mutation 
rates of these genes were to rise to, and remain at, twice their present values, 
the incidence of the diseases for which they are responsible would ultimately, 
though at very different rates, rise to nearly twice their present frequencies. 
Calculations suggest that the incidence of achondroplasia, a dominant form 
of dwarfism, would rise 80 per cent above its present value in a single genera- 
tion ; haemophilia, a sex-linked disease, would take about six generations 
to rise by 90 per cent in frequency ; and phenylketonuria, a recessive disease 
associated with severe mental deficiency, would take more than fifty genera- 
tions to increase its frequency by one half. (Paragraphs 136-139.) 


324. Mental diseases, the most important single category in which 
hereditary causes are known to be important, account in all for nearly half 
the hospital beds provided in this country. There are grounds for believing 
that a doubling of the mutation rates of the genes concerned with their 
causation would, in one generation, increase the frequency of low-grade mental 
deficiency by three per cent, and of the two principal types of mental illness, 
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schizophrenia and manic depressive reaction, by about one per cent. If 
the mutation rates were to remain at twice their present values, the incidence 
of mental diseases might on the most pessimistic assumptions double also, 
but would only attain this value after very many generations. 

(Paragraphs 140-150.) 
_ 325. When all serious illnesses with a hereditary element in their causa- 
tion are taken into account, it is unlikely that the burden put upon society 
by a doubling of mutation rates would exceed by more than a few times 
the contribution made by the increase of mental disease. 

(Paragraphs 151-154.) 

326. It must be remembered that a harmful recessive gene gives no outward 

evidence of its presence until chance brings it together with another of its 
kind. The crop of newly mutated recessive genes caused by an increase of 
mutation rates could cause suffering over many generations. 

(Paragraphs 155-156.) 


Hereditary traits snowing continuous variation about the normal 


327. Most of the variation between human beings is not of the sharp kind 
that can be traced to the action of-single genes. Characters such as physique, 
intelligence and length of life vary over a wide range by imperceptible 
gradations, and the hereditary portion of this variation is believed to be due 
to the combined action of many genes. (Paragraphs 157-159.) 


328. The basic effect of an increase in mutation rates upon such characters, 
here exemplified by scores in intelligence tests, will be to increase the numbers 
of the more extreme types at the expense of the more average individuals. A 
doubling of the mutation rates for a few generations would be expected to 
have only the most trivial effect upon their variation. The effect of a per- 
manent doubling of the mutation rate would be, at most, to double the 
variation, and this would take hundreds of generations to achieve. 

(Paragraphs 160-161.) 
Observations on populations exposed to radiation 


329. Three direct studies have been made on the children of human beings 
who have been exposed to ionizing radiations. Two, on the children of 
American radiologists, were for a variety of reasons inconclusive; the third 
is the extensive study made by the Atomic Bomb Casualty Commission on 
the children of those who were in Hiroshima and Nagasaki when the atomic 
bombs exploded. All three studies are limited to observations on the first 
generation, so that little genetic effect would yet have become manifest even 
if the mutation rate had increased. (Paragraphs 162-166) 


330. The evidence assembled in the report of the Atomic Bomb Casualty 
Commission is beset by many difficulties of interpretation, but we believe that 
it reveals, in the children of those who were the more heavily exposed, a 
slight but significant change in the sex ratio at birth which might be due to 
genetic damage. From the nature of the evidence a doubling of the rate 
of incidence of congenital malformations, or a 50 per cent rise in the stillbirth 
rates, might have escaped detection if either had occurred. The evidence does 
not allow us to make any useful estimate of the radiation dose which doubles 
the mutation rate in man. (Paragraphs 167-170.) 


The ‘doubling dose’ in man 


331. An assessment of the sensitivity of human genes to radiation is 
particularly difficult. Any such estimate should be based upon a sample of 
genes large enough to be representative of all the effects they exercise, for it 
cannot be assumed that all genes are equally radiosensitive, nor that the 
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proportion of the spontaneous mutation rate which can be attributed to 
natural radiations is the same for different genes. (Paragraphs 171-175.) 


332. If all mutations were indeed due to radiation, then the dosage which 
doubled their frequency would be expected to be equal to that received 
from natural sources, namely, a dosage to the gonads of about 3 r in 
thirty years. The available evidence suggests, however, that the percentage 
of human mutations that are caused by natural radiation might lie between 
2 per cent and 20 per cent, and if this is so the doubling dose will lie 
between 15 r and 150 r. (Paragraphs 176-181.) 


333. The direct estimates which have been made of the doubling doses 
for a variety of plants and animals mostly run from 25 r upwards. It is true 
that none of the more fully investigated organisms has a lifetime comparable 
with man’s, but there are theoretical grounds for believing that the organisms 
with the longer pre-reproductive periods might be expected to have the 
less radiosensitive genes. (Paragraph 182.) 


334. The evidence at our disposal, though far from adequate, leads us 
to conclude that there is rather little likelihood that the real value for 
the doubling dose for human genes lies between 3 r and 15 r; and that, 
although we cannot exclude the possibility that for some human genes the 
doubling dose may be Jess than 30 r and for others more than 80 r, the 
best estimate that we can make in the light of present knowledge, is that 
the value in general lies somewhere between 30 r and 80 r.. (Paragraph 183.) 


335. Even if the doubling dose were as low as the minimum we can reason- 
ably entertain, namely 15 r, it is extremely improbable that in times of peace 
more than a small fraction of the population could receive an extra dose 
of this size. The prevalence of naturally-occurring hereditary abnormalities is 
such that, if comparatively few individuals received such a dose, there would 
be no noticeable effect on their immediate offspring or on their descendants 
even over several centuries. For levels of radiation up to the doubling dose, 
and even some way beyond, the genetic effects of radiation are only appre- 
ciable when reckoned over the population as a whole, and need not cause 
alarm to the individual on his own account. (Paragraphs 184-188.) 


EXISTING AND FORESEEABLE LEVELS OF EXPOSURE TO RADIATION 


336. Doses of radiation which are of no known significance to the 
individual may have genetic consequences. Exposure levels must therefore 
be expressed in terms of the total dosage to the gonads received by the 
population as a whole during the period of reproductive life. 

(Paragraphs 189-191.) 


Radiation from natural sources 


337. The natural sources of radiation are cosmic rays and the naturally- 
occurring radioactive elements. From all such sources an individual in this 
country receives, on the average, a total gonad dose of about 3 r over a 
period of thirty years. (Paragraphs 192-201.) 


Radiation from the appurtenances of civilisation 


338. Over the past sixty years man has made increasing use of X-rays 
and radioactive materials in medicine, industry, and ordinary civil life. The 
additional gonad doses received from these sources by people of this country 
are expressed as percentages of the gonad dose which they already receive 
from natural sources. : (Paragraph 202.) 


339. We have conducted a limited survey which suggests that the addi- 
tional dose received from the various forms of diagnostic radiology may well 
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be higher than 22 per cent, the major amount of which is accounted for 
by examination of a relatively few sites of the body. The contribution 
made by the use of radiation in medical treatment cannot be accurately 
estimated ; it is probably much less than that made by diagnostic radiology 
but greater than that received from any other artificial source. 

(Paragraphs 203-206.) 


340. Watches and clocks with radioactively luminous dials contribute 
about one per cent of additional radiation. X-rays from television sets account 
for much less than one per cent. The contribution from X-ray apparatus used 
in shoe-fitting is not likely to exceed 0-1 per cent. (Paragraphs 207-210.) 


341. The contribution arising from the work of the Atomic Energy 
Authority is the most accurately known, and is about 0:1 per cent. A study 
of the records of the National Radiological Protection Service has put the 
contribution from other occupational sources at about 1°6 per cent. 

(Paragraphs 212-217.) 


Contamination of the world by fall-out from the explosion of nuclear weapons 


342. Continual watch is kept by the Atomic Energy Authority on the 
radioactive fall-out reaching this country from nuclear devices exploded 
in other parts of the world. From the bombs exploded up to the present 
time, the population of this country may expect to receive, over the next 
fifty years, additional radiation amounting to between 0°02 per cent and 
0:04 per cent of the radiation which will be received over the same period 
from natural sources. (Paragraphs 218-229.) 


343. If the firing of bombs were to continue indefinitely at the same 
rate as over the past few vears, radioactivity would gradually accumulate 
to a level at which an inhabitant of this country would receive an average 
dose of 0:026 r over a period of thirty years, or about one per cent of that 
which he would receive in the same period from natural sources. 

(Paragraph 230.) 


344. The contribution to this figure from thermonuclear explosions, relative 
to their numbers, is very great. If the rate of firing of weapons of this type 
increases, exposure to radiation will be significantly raised. (Paragraph 231.) 


Special hazards of radioactive fission products 


345. It is unlikely that the inhalation of radioactive particles present 
in the air as a result of fall-out would constitute a problem in ordinary 
civil life. (Paragraphs 232.) 


346. The deposition of radioactive strontium is probably a greater 
hazard, because it is soluble and, if ingested, is deposited and retained in 
bone. Measurements which have been made of radioactive strontium in bone 
show that the highest levels are at present about a thousand times less than 
is considered permissible for those who are occupationally exposed. 

(Paragraphs 234-239.) 
Atomic war 


347. Atomic bombs were developed for their capacity to create blast, 
but for persons exposed in the open the heat flash is equally to be feared. 
The ionizing radiations produced immediately after explosions have a 
much greater penetrating power than the heat rays, but the range at 
which they cause death or immediate injury is somewhat less. The hazard 
from radiations is therefore only one of the immediate effects of atomic 
explosions. Their peculiar danger lies in their distant and delayed effects. 

(Paragraphs 241-246.) 
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ASSESSMENT OF THE HAZARDS OF EXPOSURE TO RADIATION 


348. An attempt is made to assess the medical and genetic consequences 
of exposure to radiation at the levels of dosage which occur now or which 
might conceivably come about. The naturally occurring level of radiation 
can be accepted as a standard of reference, because it is a level to which 
mankind has long been adjusted. (Paragraphs 247-248.) 


349. In considering the genetic effects of radiation, we are concerned 
with the sum, over the whole population, of the total gonad dose received 
by its members from conception until the end of reproductive life. 

(Paragraphs 249-250.) 


350. In considering the effects of radiation upon the individual, we are 
concerned with his whole span of life, and with the rate at which the 
radiation is received as well as with its total dosage; and we must have 
regard to the possibility that the severity of the effects produced by radiation 
may increase in more than equal proportion to the dosage that is received. 

(Paragraph 251.) 
Dosage and effects on the individual 


351. The acute effects of radiation which appear within two months of 
exposure to a single dose or a few heavy doses do not enter into ordinary civil 
calculations; nor is it feared that they may be produced by repeated 
exposures to doses that do not exceed 0:3 r per week. (Paragraphs 252-253.) 


352. Of the delayed effects of irradiation of the whole body, leukaemia 
is probably the most easily induced. We consider that an individual could, 
without feeling undue concern about developing any of the delayed effects, 
accept a total dose of 200 r in his life-time, additional to that received 
from the natural background, provided that this dose is distributed 
over tens of years and that the maximum weekly exposure, averaged 
over any period of 13 consecutive weeks, does not exceed 0:3 r. We recom- 
mend, however, that the aim should always be to keep the level of exposure 
as low as possible. (Paragraphs 254—255.) 


Dosage and genetic effects 
353. The genetic effects of radiation are essentially problems concerning 
the future welfare of the population as a whole. (Paragraph 257.) 


354. It follows from the nature of the genetic effects of radiation that a 
small fraction. of a population can, without harm to its members, receive 
dosages of radiation which would be likely to have serious genetic effects 
if applied to the population as a whole. We feel that an individual, con- 
sidered as such, can accept a total gonad dose of not more than 50 rf, 
from conception until the age of thirty, additional to that received from the 
natural background, without undue concern for himself or his offspring, 
but that the number of such individuals should not exceed one-fiftieth of 
the population as a whole. (Paragraphs 258-262.) 


355. Our present knowledge does not justify us in naming any specific 
figure as a limit for the average dose of radiation which might be received 
by the population as a whole. It is highly desirable that such a figure 
should be named as soon as possible; and we understand that the Inter- 
national Commission on Radiological Protection has this matter under 
consideration. In the meantime, we feel bound to state our opinion that it 
is unlikely that any authoritative recommendation will name a figure for 
permissible radiation dose to the whole population, additional to that 
received from the natural background, which is more than twice that of 
the general value for natural background radiation. The recommended value 
may, indeed, be appreciably lower than this. (Paragraph 263.) 
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The peacetime hazards from nuclear radiation 


356. Nuclear energy may become the principal source of power. So far 
as its use affects the small numbers likely to be employed in its production, 
we believe that nuclear energy might make power available at a lower 
cost in accidents, illnesses and disability than that incurred in connexion 
with other sources of power. What is novel in the use of nuclear energy and 
the other, increasing, uses of processes producing radiations is the genetic 
risk to the community as a whole. The risk from civil usage is at present 
small, and seems unlikely ever to be large; but from the point of view of 
population genetics all possible extra radiation should be avoided, and it 
is not now too early to suggest where we might restrain its use. 

(Paragraphs 265-266.) 


357. With regard to occupational exposure we consider that the record 
of the Atomic Energy Authority shows the standard that is attainable and 
the practicability of being satisfied with nothing less. (Paragraphs 270-276.) 


358. We consider that the time has come for a review of present practice 
in diagnostic radiology, and of certain uses of radiation in the treatment of 
non-malignant conditions, particularly in children. Among the less important 
sources of radiation, we hope that the use of X-rays in shoe-fitting will be 
abandoned except when prescribed for orthopaedic reasons; that watches 
and clocks with radioactively luminous dials will be confined to necessary 
uses ; and that the X-ray hazard from television tubes, at present negligible, 
will be borne in mind if special types of high voltage equipment come to 
be widely used. (Paragraph 267-269 and 277-279.) 


Test explosions of nuclear weapons 


359. The genetic effects to be expected from present or future radioactive 
fall-out from bombs fired at the present rate and in the present proportion of 
the different kinds are insignificant. They might not be so, if present rates of 
firing were increased and particularly if a greater number of thermonuclear 
weapons were tested. (Paragraph 280.) 


360. So far as radioactive fall-out may affect the individual, we believe 
that immediate consideration would be required if the concentration of radio- 
active strontium in bone showed signs of rising greatly beyond that 
corresponding to one-hundredth of the maximum permissible occupational 
level. (Paragraphs 281-284.) 


Wartime hazards 


361. The area in which a greater or lesser proportion of those exposed 
would be at serious risk from the radioactivity released by the ground burst 
of a thermonuclear weapon is measured in thousands of square miles. If a 
sufficient number of nuclear weapons were exploded, no part of the world 
would escape biologically significant degrees of exposure or the load of 
distress and suffering to individuals and society which such exposure 
would entail. (Paragraphs 286-290.) 


93299 O—57—pt. 2———40 
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CHAPTER VIII 


CONCLUSIONS 


362. On the basis of the considerations in this report we feel justified in 
drawing the following conclusions in relation to the use of ionizing radiations 
in peacetime : 


1. Limitation of the use of all sources of radiation 
Adequate justification should be required for the employment of any source 
of ionizing radiation on however small a scale. 


2. Dose levels to the individual 


(a\ In conditions involving persistent exposure to ionizing radiations, the 
present standard, recommended by the International Commission on 
Radiological Protection, that the dose received shall not exceed 0-3 r weekly, 
averaged over any period of 13 consecutive weeks, should, for the present, 
continue to be accepted. 

(6) During his whole lifetime, an individual should not be allowed to 
accumulate more than 200 r of “ whole-body” radiation, in addition to. that 
received from the natural background, and this allowance should be spread 
over tens of years; but every endeavour should be made to keep the level of 
exposure as low as possible. 

(c) An individual should not be allowed to accumulate more than 50 r of 
radiation to the gonads, in addition to that received from the natural back- 
ground, from conception to the age of 30 years; and this allowance should 
not apply to more than one-fiftieth of the total population of this country. 


3. Dose level to the population 


Those responsible for authorising the development and use of sources of 
ionizing radiation should be advised that the upper limit, which future 
knowledge may set to the total dose of extra radiation which may be received 
by the population as a whole, is not likely to be more than twice the dose 
which is already received from the natural background; the recommended 
figure may indeed be appreciably lower than this. 


4. Fall-out from test explosions of nuclear weapons 

(a) The present and foreseeable hazards from external radiation due to 
fall-out from the test explosions of nuclear weapons, fired at the present 
rate and in the present proportion of the different kinds, are negligible. 

(b) Account must be taken, however, of the internal radiation from the 
radioactive strontium which is beginning to accumulate in bone. At its 
present level, no detectable increase in the incidence of ill-effects is to be 
expected. Nevertheless, recognising all the inadequacy of our present know- 
ledge, we cannot ignore the possibility that, if the rate of firing increases and 
particularly if greater numbers of thermonuclear weapons are used, we could 
within the life-time of some now living, be approaching levels at which ill- 
effects might be produced in a small number of the population. 


5. Recommendations regarding specific uses of radiation 
(a) All sources of radiation, both medical and industrial, should be under 
close inspection, in order to ensure that the high standards of protection now 
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attainable against the absorption of ionizing radiations, and against radio- 
active materials, are generally observed. Those using radiations should be 
instructed in the precautions to be taken, and no unnecessary or unauthorised 
person should be allowed to engage in such occupations. A personal record, 
not only of doses of radiation received during occupation but also of 
exposures from all other sources, such as medical] diagnostic radiology, should 
be kept for all persons whose occupation exposes them to additional sources 
of radiation. 


(b) Present practice in medical diagnostic radiology should be reviewed, 
with the object of clarifying the indications for the different special types of 
examination now being carried out and defining more closely, both in relation 
to the patient and to the operators, the conditions which should be observed 
in their performance. 


(c) The uses of radiotherapy in non-malignant conditions should be 
critically examined. 


(d) The small amounts of irradiation from miscellaneous sources, such as 
X-ray machines used for shoe-fitting, luminous watches and clocks, and 
television apparatus, should be reduced as far as possible. 


6. Collection of vital statistics 


As an essential basis for future studies of the genetic effects of radiation, 
further data are required on the genetic structure of human populations ; 
to this end, there is an urgent need for the collection of more detailed 
information, when births, marriages and deaths are registered. 


H. P. HiMSwortTH 
E. Rock CARLING 
J. D. COCKCROFT 
A. Happow 

A. BRADFORD HILL 
. F. LOUTIT 

. MATHER 

. V. MAYNEORD 
. B. MEDAWAR 

. S. MITCHELL 

. S. PENROSE 

. J. SALISBURY 

. G. SPEAR 

. R. SQUIRE 

C. H. WADDINGTON 
LIONEL WHITBY 

B. W. WINDEYER 


1622 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


ACKNOWLEDGEMENTS 


We have expressed in our introductory chapter our sense of indebted- 
ness to those who have been intimately concerned with the preparation of 
this report. We wish also to thank those others who have undertaken the 
preparation of special papers for the information of the committee, namely : 
Dr. J. D. Abbatt, Dr. W. Anderson, Dr. P. Armitage, Dr. Charlotte Auerbach, 
Mr. W. Binks, Mr. D. V. Booker, Dr. F. J. Bryant, Dr. R. A. M. Case, 
Mr. R. C. Chadwick, Mr. A. C. Chamberlain, Mr. R. N. Crooks, Dr. R. Doll, 
Miss E. M. R. Fisher, Dr. A. Gliicksmann, Dr. A. W. G. Goolden, Professor 
J. B. S. Haldane, Dr. G. E. Harrison, Dr. W. G. Marley, Dr. R. H. Mole, 
Mr. A. Morgan, Mr. S. B. Osborn, Dr. Alan Robertson, Mr. E. E. Smith, 
Professor D. W. Smithers, Professor F. W. Spiers, Mr. R. W. Stanford, Mr. 
N. G. Stewart and Dr, R. C. Turner. 


We have had the invaluable assistance of the following who have 
prepared appendices to the report: Dr. W. G. Marley, Mr. S. B. Osborn, 
Mr. E. E. Smith and Professor F. W. Spiers. We wish also to thank Miss 
Annette Todd, of the Council’s Headquarters Staff, for her work in editing the 
appendices. 


We feel a special debt of gratitude to the United States Atomic Bomb 
Casualty Commission and to Professor J. V. Neel and Dr. W. J. Schull, who 
have so kindly made available to us the data on the effects of exposure to the 
atomic bombs at Hiroshima and Nagasaki. 


We wish to acknowledge the great help given to us by the staffs of a 
number of research departments in different hospitals and elsewhere, 
especially by Dr. W. G. Marley and the staff of the Health Physics Division 
of the Atomic Energy Research Establishment, Harwell, by members of the 
Department of Physics of the Institute of Cancer Research, Royal Cancer 
Hospital, London, of the Galton Laboratory, University College, London, 
of the Medical Research Council’s Statistical Research Unit, London 
School of Hygiene and Tropical Medicine, London, and of the National 
Institute for Medical Research, London. 


In connexion with certain statistical aspects of ouf work, our thanks 
are due to the Registrar General for England and Wales and to the 
Department of Health for Scotland. 


We are grateful to those who assisted in the special investigation on 
the incidence of leukaemia among patients treated with X-rays for ankylosing 
spondylitis, especially to the following: Dr. J. D. Abbatt, Dr. F. Ellis, 
Dr. Joan Faulkner, Mr. D. Hewitt, Dr. A. J. Lea, Dr. J. H. Mulvey, Dr. W. D. 
Rider, Dr. A. Stewart, Dr. J. Stubbe and Dr. J. W. Webb, who were members 
of the teams which visited the radiotherapy centres; to the staffs of the 
70 centres in England, 3 in Wales and 9 in Scotland, who freely gave their 
help in the compilation of the case records for this study ; to the Registrars 
General for England and Wales, Scotland and Northern Ireland, the Deputy 
Registrar General for the Isle of Man, the Superintendent Registrar, Jersey, 
Channel Islands, and Her Majesty’s Greffier for Guernsey and Dependencies, 
who provided valuable information ; to the Ministry of Pensions and National 
Insurance, who made their records available and gave much help, and to 
Dr. J. D. Abbatt and Dr. A. J. Lea who made a special study of these 
records ; to Dr. J. V. Dacie and Dr. I. Doniach who undertook to review 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1623 


pathological material; to Dr. F. Campbell Golding and Mr. H. J. Seddon 
who gave expert help and advice; to Mr. R. Ellis, Dr. D. G. Jones, Mr. 
D. E. A. Jones, Mr. W. C. Lister, Dr. R. J. Munson, Miss J. Perrett, and 
Dr. B. M. Wheatley, who carried out much arduous work in connexion with 
dose measurements ; and more especially to Dr. W. M. Court Brown and Dr. 
R. Doll, who were responsible not only for planning the investigation and 
the compilation of the results, but who also carried out many of the visits 
and undertook much of the detailed preliminary work themselves. 


We wish to record our appreciation of the work of Mr. S. B. Osborn 
in connexion with his study on the contribution made by diagnostic radiology 
to the present level of ionizing radiation in this country. We are grateful to 
the following bodies who co-operated in the study: the Ministry of Health, 
the Royal Navy, the Royal Army Medical Corps, the Royal Air Force, the 
Medical Research Council’s Pneumoconiosis Research Unit, the National 
Coal Board, the Ministry of Pensions and National Insurance, the Ministry 
of Supply, the Ministry of Labour and National Service, the Atomic Energy 
Research Establishment and the Red Cross and St. John Joint Committee. 
Our thanks are also due to those hospitals which supplied detailed data on 
diagnostic X-ray examinations carried out by them. 


A number of commercial firms provided information for the study on 
radiation dose levels in this country. In this connexion we are particularly 
grateful to the following: members of the British Radio Valve Manufacturers’ 
Association, Brandhurst Co. Ltd., L. Newmark Ltd., Reliance (Nameplates) 
Ltd., Smiths English Clocks Ltd., Timex Watches, and the Pedoscope Co. 
Ltd. Other bodies also provided information and especially the British 
Dental Association, the London Chamber of Commerce, the Horological 
Institute of Great Britain, the National Physical Laboratory, the Ministry of 
Transport and Civil Aviation and the Ministry of Labour and National 
Service. 


Finally, we wish to thank all those who have advised us on specialist 
problems from time to time during our work, especially Sir Stewart 
Duke-Elder, Professor Aubrey Lewis and Professor Arnold Sorsby, for the 
help that they have given. 


1624 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


APPENDIX A 


The Incidence of Leukaemia among the Survivors of the Atomic Bomb 
Explosions at Hiroshima and Nagasaki 


Information concerning the cases of leukaemia which are known to have 
occurred among the survivors of the atomic bomb explosions at Hiroshima 
and Nagasaki has been supplied by the Atomic Bomb Casualty Commission 
of the National Research Council of the U.S.A. By the end of August 1955, 
the diagnosis of leukaemia had been confirmed in 125 patients; in all these 
cases blood smears and, when necessary, bone-marrow and autopsy material, 
had been examined by a member of the Commission’s staff. In 18 other cases, 
the diagnosis was suspected but the evidence was less conclusive; and in a 
further 5 the diagnosis was still under review. 


Sixty-one of the confirmed. and four of the suspected cases occurred among 
persons resident in Hiroshima at the time the diagnosis was made, and it is 
possible to relate these cases to the numbers of persons who survived the 
explosion and who were recorded as residing in the city subsequently. The 
incidence of leukaemia among survivors at various distances from the hypo- 
centre of the explosion is shown in Table 1A. The incidence was substantially 
higher among those who were close to the hypocentre than among those who 
were more distant from it—128-0 per 10,000 among those less than 1,000 
metres away, against 1°6 per 10,000 among those more than 3,000. metres 
away. Separate incidence rates for persons at each distance who showed 
major radiation symptoms shortly after the explosion and for persons who did 
not show. such symptoms have been published by Moloney and Kastenbaum 
(1955). 


TABLE 1A 


The incidence of leukaemia among survivors of the Hiroshima atomic bomb 
explosion exposed at various distances from the hypocentre; persons 
subsequently resident in Hiroshima City only 
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No. of cases 








Distance from No. of . Incidence 
hypocentre survivors of leukaemia per 10,000 
at time of explosion on persons 

(m.) 1.10.50* Confirmed Suspected (total cases) 
Less than 1,000 ra 1,250 16 0 
1,000-1,499... ai 10,350 28 1 
1,500-1,999 -... on 18,450 6 1 
2,000-2,999 .... i 30,350 7 0 
3,000 or more ... +? 37,700 4 2 
All distances... Res 98,100 61 4 





Sree  —————SSS—S——L—SKSK 

* The numbers of survivors have been rounded off to the nearest 50. The estimates differ 
slightly from those published by Moloney and Kastenbaum (1955) in accordance with data 
provided by the Atomic Bomb Casualty Commission. 


Comparable figures are not available for the incidence of leukaemia in the 
unexposed population of the rest of Japan, but since leukaemia is invariably 
fatal it is reasonable to use mortality figures to provide an estimate of the 
incidence of the disease which might have been expected if no explosion had 
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taken place. National mortality figures are, however, based on the causes of 
death given on death certificates, and they are not necessarily suitable for 
comparison with figures obtained after an intensive search for cases and after 
the submission of each case to expert clinical scrutiny. In fact, the use of 
national mortality data is justified only by the fact that the number of deaths 
attributed to leukaemia among survivors who were 2,000 metres or more from 
the hypocentre and who cannot have received more than very small amounts 
of radiation, is close to the expected number calculated on the basis of these 
data. Table 2A therefore presents for comparison the numbers of cases of 
leukaemia known to have occurred during the eight years from 1947 to 1954 
among residents of Hiroshima who survived at different distances from the 
hypocentre, and the numbers of deaths from leukaemia which would have been 
expected in a similar period among populations of the same size and the same 
sex- and age-distribution, subjected to the age- and sex-specific mortality rates 
from leukaemia observed in the whole of Japan in 1952. It can be seen that 
the observed incidence among survivors who were less than 1,000 metres 


from the hypocentre is 100 times greater than the mortality which would 
have been expected. 


TABLE 2A 


A comparison between the observed and the expected incidence of leukaemia 
among survivors of the Hiroshima atomic bomb explosion exposed 
at various distances from the hypocentre ; persons subsequently 
resident in Hiroshima City only 
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No. of cases with onset 





Distance from in the 8-year period No. of deaths Ratio of 
hypocentre 1947-54 expected among total cases 
at time of explosion the survivors in observed to 
(m.) an 8-year period* expected 
Confirmed Suspected 
Less than 1,000 Si 15 0 0-15 100-0 :1 
1,000-1,499 __... =r 28 1 1-32 22-0-:-1 
1,500-1.999_... wah 6 1 2:33 2°6:1 
2,000-2,999 tt 6 0 3-96 | ee | 
3,000 or more ... be 4 2 4:83 | a | 
All distances... ‘ies 59t 4 4:7:1 





me Ne kT RCA IAS RASS CSO (ACU ae 
* Calculated from the Japanese mortality data for 1952. In calculating the numbers of 
expected deaths, certain assumptions had to be made about the rate of change of the numbers 


of survivors in the different age groups, and the figures must be regarded as approximate 
estimates. 


t Two cases referred to in Table 1A are omitted, since the onset of symptoms in one patient 
was in 1955 and in another patient, who died in April 1955, the date of onset is unknown; 
the latter patient was exposed at a distance of 2,400 metres from the hypocentre. 


The data available for survivors of the Nagasaki explosion are less detailed 
than those for survivors of the Hiroshima explosion. Altogether 32 
confirmed cases and 11 suspected cases are known to have occurred among 
survivors who subsequently resided in Nagasaki. Of these, 32 and 10 
respectively occurred during the eight years 1947-54, and the corresponding 
total number of deaths which might have been expected in that period on the 
basis of the national mortality data is approximately 12:3. 


Table 3A shows the year of onset of the disease for each of the 108 cases 
which have occurred among the survivors resident post-war in Hiroshima or 
Nagasaki, together with estimates of the annual incidence rates. The rates in 
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the first two years may be under-estimated, since medical organisation was 
incomplete at that period; in 1953 and 1954 they are almost certainly 
under-estimated since new cases continue to be discovered and some of the 
patients give histories of one or more years’ duration. The data provide no 
evidence of a sharp peak in incidence at any particular period after the 
explosion, nor any clear indication that the incidence has yet begun to 
diminish by the end of the ninth year. 


TABLE 3A 


The incidence of leukaemia in different years among survivors of ‘the 
Hiroshima and Nagasaki atomic bomb explosions; persons subsequently 


resident in Hiroshima City and Nagasaki only 
er ————————————————————————————————————————— 





» No. of cases at No. of cases at Incidence per 10,000 persons 
Hiroshima Nagasaki (total cases) 
Year of 
onset 
Hiroshima 
Confirmed | Suspected | Confirmed | Suspected | Hiroshima | Nagasaki and 
Nagasaki 
1946 0 0 0 1 0-0 0-1 0-05 
1947 3 0 2 0 0-3 0:2 0-3 
1948 7 3 3 1 1-0 0:3 0-7 
1949 5 0 1 2 0:5 0:3 0:4 
1950 6 1 5 1 0-7 0:6 0-7 
1951 11 0 7 3 1-1 1-0 1-1 
1952 11 0 6 2 i 0:8 1-0 
1953 10 0 z 1 1-0 0-3 0-7 
19S Be 6 0 7 0 0:6 0-7 0-7 
Part 1955 
or date 
unknown 0 0 — — Laat 
All years 32 11 6:6 4-5 5-6 
Reference 


Moloney, W. C. and Kastenbaum, M. A. (1955). Leukemogenic effects of ionizing radiation 
on atomic bomb survivors in Hiroshima City. Science, 121, 308. 
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APPENDIX B 


Leukaemia and Apiastic Anaemia in Patients Treated with X-rays for 
Ankylosing Spondylitis 


(A summary of the findings of the investigation sponsored by the Medical 
Research Council Committee reporting on the hazards to man of 
nuclear and allied radiations) 


The investigation had two main objectives: first, to see whether the incidence 
of leukaemia and of aplastic anaemia was abnormally high in patients 
treated with X-rays for ankylosing spondylitis ; and second, if the incidence 
of those conditions was found to be raised, to determine the quantitative 
relationship between incidence and dose of X-rays. 


RESULTS 


The incidence of leukaemia and aplastic anaemia 


The case records of 13,352 patients (11,287 men and 2,065 women) were 
studied ; these patients had been treated at 81 radiotherapy centres and sub- 
centres during the period 1935-54 inclusive. Slightly fewer than half of them 
were known to have been alive in 1955 or to have died earlier ; the remainder 
were lost to follow-up at various dates between 1935 and 1954. They had 
therefore been under observation for periods of between one and twenty 
years, with an average for the whole group of just under five years. 


49 of the patients studied were found to have developed leukaemia, aplastic 
anaemia, or myelofibrosis (a condition considered to be possibly a variant 
of leukaemia), and, of these, 46 had died by the end of 1955; 28 of them 
were certified as having died from leukaemia, 13 from aplastic anaemia 
and | from myelofibrosis. Three other patients with leukaemia and 1 with 
aplastic anaemia were found, who had been certified as having died from 
other causes. 


With the co-operation of the Registrars-General, special efforts were made 
to recognise all patients in the series who had died of leukaemia or aplastic 
anaemia. The great majority of such cases have probably been traced despite 
the incomplete follow-up, but there is reason to believe that a few more 
might be revealed if the follow-up could be made complete. 


The numbers of deaths from leukaemia and aplastic anaemia which could 
be expected under normal conditions were calculated from the national death 
rates for those diseases in the general population : they have been estimated 
as 29 and 0°3 respectively up to the end of 1955, but these estimates are 
certainly too high, as they are based on the assumption that all the patients 
untraced in 1955 were, in fact, alive at the end of 1955. In the compilation 
of the numbers of observed deaths from leukaemia and aplastic anaemia 
for comparison with these figures, only deaths certified as due to these con- 
ditions could be used, since the figures for expected deaths are based on 
death-certificate data. Thus enumerated, the numbers of observed deaths from 
leukaemia and aplastic anaemia are respectively 28 and 13. The differences 
rita the observed and expected deaths are highly significant for both 

iseases. 
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Three of the observed cases of leukaemia died within the first year, and 
in these cases it was assumed that leukaemia was already present at the 
time of first treatment. If these ‘co-existent’ cases, and the corresponding 
expected mortality in the first year after treatment, are omitted, the observed 
and expected numbers of deaths from leukaemia for 1935-55 are 25 and 2:4 
respectively. 


Clinical review of cases 


All the relevant data for each case were reviewed, and it was concluded 
that many of the patients certified as having died of aplastic anaemia had, 
in fact, been suffering from aleukaemic leukaemia. The diagnosis of aplastic 
anaemia was substantiated in only 4 cases and it was, therefore, not possible 
to examine the relationship between the incidence of this condition and the 
dose of X-rays received. 


The relationship between the incidence of leukaemia and the X-ray dose 


This relationship has been determined for male patients only, in order to 
avoid difficulties introduced by the possibility of there being a. sex-difference 
in susceptibility to leukaemia ; the 3 ‘ co-existent cases were excluded, and 
there then remained 37 cases of leukaemia for study. 


Details of X-ray treatment were obtained from the case records for 1,878 
men, a sample of approximately 1 in 6 of the whole group of 11,287 male 
patients. The X-ray dose was expressed in two ways. By the first method, 
the total energy absorbed in the whole body was calculated, and expressed 
in megagramme-roentgens (Mgm.r.); by the second, the maximum dose 
in the spinal marrow was determined and expressed in roentgens (r)*. The 
number of man-years at risk following each level of dose, calculated by each 
of the two methods, was estimated for the whole group of male patients 
and was related to the number of cases of leukaemia. The results of these 
calculations are given in Tables 1B and 2B, which show the crude incidence 
rates per 10,000 men per year at all levels of dose. 


TABLE 1B 


The numbers of male patients developing leukaemia and the crude incidence 
rates after different doses of radiation (measured by the total amount of 
energy absorbed by the whole body) 


i 


Amount of treatment: whole-body integral dose (Mgm.r.) 





Less thanl7. 514-9] 15-22-42? 


Number of men develop- 
ing leukaemia 19 _- 1 9 9 

Crude _ incidence __ per 
10,000 men per year ... 0-5T 0-7 4-7 x1 11:3 





* For the second method extensive measurements were made on a ‘ phantom” man. 


+ The rate given for ‘no treatment’ has been estimated from the national vital statistics 
for all forms of leukaemia, and weighted to allow for the fact that not all the patients in the 
series were certified as dying from leukaemia. If lymphatic leukaemia is excluded (as may be 
more appropriate) the rate is 0-3. 
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TABLE 2B 


The numbers of male patients developing leukaemia and the crude incidence 
rates after different doses of radiation (measured by the maximum 
amount received at a point in the spinal marrow) 


Amount of treatment: maximum dose to the spinal marrow (r) 


Less than] 500 to | 1,000 to | 1,500 to | 2,000 to} 2,750 


0 500 999 1,499 1,999 2,749 | or more 
Number of men develop- 
ing leukaemia ae — 2 8 8 8 6 be, 
Crude incidence per 
10,000 men per year... | 0-5* 2°2 4:1 4-2 113 13-0 17-6 


* The rate given for ‘ no treatment’ has been estimated from the national vital statistics 
for all forms of leukaemia, and wei:zhted to allow for the fact that not all the patients in the 
series were certified as dying from leukaemia. If lymphatic leukaemia is excluded (as may be 
more appropriate) the rate is 0-3. 


CONCLUSIONS 


Deaths from leukaemia have been found to be greatly increased among 
the patients studied, and it is believed that this increase is the result of 
exposure to X-rays ; the possibility that sufferers from ankylosing spondylitis 
are unusually sensitive to the action of X-rays cannot, however, be excluded. 


Both methods of estimating the dose show a relationship between the crude 
incidence of leukaemia and the dose of X-rays, with an increase in the 
incidence over the whole range of dose studied. With neither method is 
there any evidence of a threshold below which no increase in incidence is 
produced. Both sets of results, therefore, suggest that even very small amounts 
of radiation will have an appreciable effect if given to a large enough popula- 
tion. The method based on calculation of the whole-body energy absorption, 
however, shows a disproportionately greater increase at high levels of dose, 
whereas that based on calculation of the spinal-marrow dose shows a simple 
proportional increase at all levels of dose. It is of considerable importance 
to determine the reason for this discrepancy. If the true relationship is of 
the curvilinear type suggested by the first method, it remains a theoretical 
possibility that very small doses (which could not be tested in the investi- 
gation) will have no leukaemogenic effect at all; but such a possibility can 
almost be ruled out if the relationship is linear. 


A full account of the investigation will be published by H.M. Stationery 
Office as a report in the Medical Research Council’s Special Report Series. 


W. M. Court BROWN 
R. DOLL 
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APPENDIX C 


The Spontaneous Mutation Rate in Man 


In certain circumstances the spontaneous mutation rate of human genes, 
expressed as the number of mutations per locus per generation, can be 
estimated with a fair degree of reliability. A direct count of cases due to 
fresh mutation can be made for a gene which has a dominant effect. This 
number can also be directly inferred for sex-linked traits shown only in the 
male. If the incidence of a trait in the general population is known, the 
mutation rate can be determined from the proportion of cases due to fresh 
mutation. 


When the effects of a gene are very disadvantageous a different line of 
argument can be used, even though the gene may not be fully manifest in 
the heterozygous state. The principles on which the indirect estimation of 
mutation rates can be made were laid down by Haldane (1932), and they are 
used in the formulae given in Appendix D. The assumption is made that the 
human population is in a state approaching genetical equilibrium; it is 
supposed that disadvantageous genes could not have persisted in the popula- 
tion unless their extinction by selective mortality were balanced by the 
recurrence of mutation. 


In the case of dominant or sex-linked characters associated with very high 
mortality, the direct measurement of mutation rate can be supplemented by 
the indirect argument. Estimates which are entirely indirect are untrust- 
worthy, but they have been made for a variety of genes recognised only by 
their recessive effects. One difficulty with recessive traits is that allowance 
has to be made for the effects of inbreeding. Another likely source of error 
is that genetical equilibrium can be maintained not only by mutation but also 
by a slightly advantageous effect in the heterozygote. Hence, indirect estimates 
are likely to be too high. 


There is a further general difficulty ; this arises from uncertainty as to 
whether or not a single locus is involved in determining the trait under 
consideration. Mutations at two or three loci might produce similar charac- 
ters; this apparently occurs in haemophilia and also in achondroplasia. In 
these circumstances any estimate of mutation frequency, direct or indirect, 
based upon accepting one locus as the hereditary cause of the trait, would 
be too high by a factor depending upon the frequencies of the component 
causal genes. 


Estimates of mutation rate in man are given in Table 1C. Those for 
dominant traits are based upon the direct method, though they can all be 
indirectly supported; the estimates for sex-linked genes are calculated 
indirectly, but are supported by direct observation of pedigrees almost 
certainly containing freshly mutated genes; those for recessive traits are all 
indirectly estimated. 


I should like to acknowledge here the assistance given me in connection 
with Appendices C, D, and E by Dr. H. Harris and Dr. D. A. Sprott. 
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TABLE, 1C 


Estimates of the spontaneous mutation rates of some human genes 





: Mutation 
Trait frequency of 
the causal gene Region Source Date 
(per million 
Mode of | per generation) 
Name inheritance 
Epiloia Dominant 8 England Gunther and | 1935 
(tuberose sclerosis) Penrose 
Achondroplasia Dominant 45 Denmark Merch 1941 
Aniridia .. Dominant 54 Denmark Mollenbach | 1947 
Microphthalmos - Dominant 5 Sweden Sjogren and | 1949 
(without mental defect) Larsson 
Retinoblastoma . | Dominant 15 England Philip and 1947 
Sorsby 
23 U\S.A. Neel and Falls | 1951 
4 Germany Vogel 1954 
Partial albinism Dominant 4 Holland Waardenburg | 1951 
(with deafness) 
Haemophilia Sex-linked 20 England Haldane 1935 
(severe type) 32 Denmark Andreassen 1943 
27 Switzerland Vogel 1955 
and Denmark 
Muscular dystrophy Sex-linked 95 U\S.A. Stephens and | 1951 
(Duchenne type) Tyler 
45 N. Ireiand Stevenson 1953 
43 England Walton 1955 
Albinism Recessive 28 Japan Neel ef al. 1949 
Ichthyosis congenita Recessive 11 Japan Neel et al. 1949 
Total colour blindness... | Recessive 28 Japan Neel et al. 1949 
Infantile amaurotic idiocy Recessive 11 Japan Neel et al. 1949 
Amyotonia congenita ... | Recessive 20 Sweden B66k 1952 
True microcephaly Recessive 49 Japan Komaietal. | 1955 
Phenylketonuria Recessive 25 — (Appendix D) | — 





* This estimate differs by a factor of 2 from that given by the author, but it is based on 
the author’s material. 
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APPENDIX D 


Calculation of the Quantitative Effects of Spontaneous and Induced 
Mutation Rates in Diseases Caused by Single Genes 


In order to estimate the quantitative effect of doubling the mutation rate 
or of raising it by any given factor, it is necessary to calculate the proportion 
of cases of the disease in question in each generation which can be attributed 
to spontaneous mutation. This can be done by using the indirect method of 
calculating mutation rate ; the steps in the argument are set out in Table 1D. 
The abnormal allele is represented by a, and the normal by A. 


TABLE 1D 


Calculation of the number of cases due to spontaneous mutation in 
diseases caused by single genes 














Dominant trait Sex-linked trait Recessive trait 
Steps in the Example: Example: Example: 
calculation Formula |achondro-| Formula | haemo- | Formula | phenyl- 
plasia philia ketonuria 
1. Sex affected ¢ or 9 3 or? — 3 -— 3 or2 — 
2. Genotype respon- 
sible for the disease Aa _ a _- aa a 
3. Frequency of geno- | 
type in population 
(where q is the 
frequency of a)...x 2q 1/10,000 q 1/12,000 q? 1/40,000 
4. Comparative loss 
of fitness associated 
with the genotype (1-F) 4/5 (1-F) 7/8 (1-F) 1 


5. Mutation rate of A 
to a per gene per 
generation ...... m | q(l-F) |40 x 10-5 gq (i-P)/3 | 24 x 10°%| q? (1-F) | 25 x 1076 

6. Proportion of 
genotypes (or cases 
of the disease) due 
to fresh mutation 
in each generation 
RANG BES d (1-F) 4/5 (1-F)/3 7/24 2q (1-F) 1/100 .. 

. Frequency of ab- 

normal genotypes 

due to fresh muta- 

tion:— 

(i) in each genera- 
tion of eee 
a ie OO xd 2m 80x 106 m 24 x 10°§ znd ;'}0°25<107" 

(ii) among 20 x 108 
births (¢ and 9) 
over a period of 
30 years ... |40mx10%| 1,600 10m x 10° 240 40mq x 10° 5 


~) 
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In this table three hereditary diseases, achondroplasia, haemophilia and 
phenylketonuria are used to show the methods applicable respectively to 
dominant, sex-linked and recessive traits determined by single genes. For 
the present purpose the population is assumed to be in genetical equilibrium ; 
the loss due to unfitness of genotypes is balanced by recurrent natural 
mutation. The figures for achondroplasia are derived from M@rch (1941); 
in Step 3, 1/9,400 has been rounded off to 1/10,000. For haemophilia the 
figure (7/8) in Step 4 has been taken from Andreassen (1943) and that in 
Step 3, (1/12,000), agrees with estimates by Haldane (1935). The figures in 
Steps 3 and 4 for phenylketonuria are derived from Jervis (1939) and Munro 
(1947). Doubling the spontaneous mutation rate on one occasion would increase 
the frequency of each disease by a proportion, shown in Step 6, in the next 
generation. 


The results given in Step 7 (ii) in Table 1D apply only to the first 
generation after doubling. The quantitative effects in subsequent generations 
can be ascertained by substituting appropriate new incidence figures and 
repeating the steps of the calculation. Calculations made by this method and 
extended to cover six generations yield the results shown in Table 2D; 
the theoretical limiting values obtained after an infinite number of genera- 
tions are also given. The results are shown graphically in Fig. 1 (p. 32). 
Two situations are considered: (a) the effect of a single doubling of mutation 
rates in one generation, and (b) the effect of permanently doubling the 
mutation rate. 


TABLE 2D 


The effects, expressed as the increase in incidence per hundred cases, 
of doubling the mutation rates, (a) in one generation only, and (b) 
permanently, for three hereditary traits 


(a) Doubling in one generation only 


Increase in incidence per hundred cases 


Number of generations Achondroplasia Haemophilia Phenylketonuria 
(Dominant) (Sex-linked) (Recessive) 

0 0 0 0 

1 80 29 1 

2 16 29 1 

3 3 16 1 

4 1 10 1 

5 0 6 1 

» 6 0 4 1 
Infinite 0 0 0 
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(b) Permanent doubling 





Increase in incidence per hundred cases 


Number of generations 


Achondroplasia Haemophilia Phenylketonuria 
(Dominant) (Sex-linked) (Recessive) 
0 0 0 0 
1 80 29 1 
2 96 58 2 
3 99 74 3 
4 100 84 4 
5 100 90 5 
6 100 94 6 
Infinite 100 100 100 
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APPENDIX E 


Estimate of the Incidence of Cases of Schizophrenia and Manic 
Depressive Reaction due to Spontaneous Mutation 


The calculation of (d), the proportion of cases which can be attributed to 
fresh mutation in each generation, for the conditions discussed in paragraphs 
148-150, can be set out as shown in Table 1E. 


TABLE 1E 


Calculation of (d), the proportion of cases due to fresh mutation in each 
generation, in schizophrenia and manic depressive reaction 


























(i) Schizophrenia (ii) Manic depressive 
reaction 
Steps in the calculation omy 
Formula Example Formula Example 
1. Sex affected gor? ... otk gore — 3d ore pon 
2. Genotype responsible for pre- | 
disposition to the disease fy aa —- Aa — 
3. Frequency of genotype in popula- 
tion (where q is the frequency 
of a) ee ate oat x q? 1/100 2q 1/200 
4. Comparative loss of fitness i 
associated with the genotype ... (1-F) 1/20 (1-F) 1/70 
5. Mutation rate per gene per 
generation a tai m| q? (1-F) 1/2,000 q (1-F) 1/28,000 


ee a EEE SRE ee a a Tae 


6. Proportion of predisposed cases 
due to fresh mutation in each 
generation Ae i" d 2q (1-F) 1/100 (1-F) 1/70 


eee reer 


(i) Schizophrenia 

This is a type of mental disease which has its onset at about the age of 
30 years on the average. There are many degrees of severity, and males are 
more often affected than females. The genetical predisposition occurs in 
subjects who are, according to Kallmann (1938), homozygous for a specific 
recessive gene ; it has an incidence of about 1/100 in European populations 
(Fremming, 1947). On the basis of a rough survey of hospital data, it is 
assumed here that only one-tenth of predisposed subjects become chronically 
incapacitated. Neglecting sex differences, the fertility of these incapacitated 
patients is reduced by 1/2 (Essen-MOller, 1935). The total loss of fitness of 
predisposed genotypes is thus 1/10 x 1/2 = 1/20. It follows that 
d=2q(1-F)=1/100, as shown in Table 1E. In a generation of 20 x 108 
births the number of incapacitated people would be 20,000, of whom 200 
would be cases due to fresh mutation. 
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(ii) Manic depressive reaction 


This is a type of mental disease with mean age of onset at about 40 years. 
There are many degrees of severity, and females are more often affected than 
males. The genetical predisposition, which is commonly believed to depend 
upon a dominant gene (Marrell, 1951), has a frequency in the population of 
about 1/200; Mayer-Gross, Slater and Roth (1954) quote 0:35 per cent 
for Scotland and 1 per cent for Sweden and Denmark as the total morbidity 
risk of affective psychosis. The incidence of chronic breakdown among those 
who are predisposed can be estimated at one-seventh and, for such incapaci- 
tated patients, fertility is reduced, according to observations by Essen-Moller, 
by a factor of 1/10. Hence the total loss of fitness for predisposed genotypes 
is 1/7 x 1/10 = 1/70. It follows that d = (1-F) = 1/70. In a generation 
of 20 x 10° births there would be 14,000 people incapacitated, of whom 200 
would be cases due to fresh mutation. 
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APPENDIX F 


The Effect of Changing the Mutation Rate on Characters Showing 
Continuous Variation about the Normal 


Member genes of a polygenic system cannot be followed as individuals in 
our observations. We must therefore measure mutation by the increment it 
adds to heritable variation, instead of measuring it by the frequency of change, 
as is done in the case of individually traceable genes. 


The increment added to the variance per generation has been estimated for 
spontaneous mutation in two hair characters in Drosophila (Clayton and 
Robertson, 1955; Durrant and Mather, 1954; Paxman, 1955). Technically 
this is a difficult operation, but the estimates agree surprisingly well for each 
character when allowance is made for various possible sources of bias. The 
two characters agree, also, in showing an increment of about 1 x 10~° of 
the amount of heritable variation.estimated by Clayton and Robertson to be 
present in a normal population of Drosophila. The estimate may easily be 
too small by a factor of 2 or 3, but seems unlikely to be out by a factor 
of 10. This finding suggests that the relation between the amount of heritable 
variation in a population and the mutation rate is roughly linear, and certain 
theoretical considerations point the same way. It also shows that a marked 
increase in the mutation rate for a few generations would have only a trivial 
effect on the heritable variation of the population, and that, even with a 
persistent increase, the new equilibrium showing the full effect of the raised 
mutation rate in raising heritable variation would take very many generations. 
to achieve. 


Clayton and Robertson also record the result of irradiating the adults of 
each generation with an X-ray dose of 1,800 r. The increment added in each 
generation to the heritable variation available to selection was about ten times 
the spontaneous increment. Thus the dose which doubles the effect of 
spontaneous mutation would be some 200 r as measured by this criterion. 
But the new heritable variation available to selection in these experiments 
seems to- have represented only about one-sixth of all the new heritable 
variation as measured directly by the increase in phenotypic variation. If we 
take the overall total therefore, 200 r must have produced about six times the 
spontaneous increment, so that the doubling dose becomes just over 30 r. 
This is more in keeping with the figure obtained from lethal mutation, though 
it might have been expected that the polygenic figure would be higher, not 
lower, than the monogenic, because of the way in which mutations can balance 
one another’s effects in a polygenic system. It would, in any case, be unwise to 
place great confidence in these calculations, both because other experiments 
of the same kind have given results even more difficult to assess, and because 
doses as heavy as 1,800 r produce so many lethal mutations and so much 
structural change in the chromosomes that the polygenic effects may well be 
quantitatively distorted. 


In attempting to extrapolate from these findings to the effects of irradiation 
in natural, including human, populations, two points must be borne in mind. 
Firstly; the flies which yielded these observations were from inbred lines, 
so that any mutation in the polygenic system would add its quota to the 
increase in variation. In a natural population, however, variation is already 
present, and mutation from one allele to another, where both already exist 
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and are not uncommon in the population, could add little if anything to the 
variation. Only mutation in genes whose alleles are rare or absent in the 
population will contribute materially to an increase in variation, and the 
contribution will fall off as the alternative alleles become more common. So 
if most of the member genes of a polygenic system are already varying, 
mutation will add correspondingly little to the total variation. On the other 
hand, if, as seems likely, many of the genes which can prospectively contribute 
to the variation of a polygenic system are not doing so because only one allele 
is present or at least common, new mutation increases the number of loci 
contributing to the variation which will then increase correspondingly. The 
roughly linear relation between mutation and variation suggested by the 
experiments is thus to be regarded as a maximum effect, the closeness of 
approach to it depending on the initial conditions of variation prevailing in 
the population in question. 


The second. point concerns the properties of heterozygotes. The linear 
relation would cease to hold if there were any innate advantage of individuals 
heterozygous for the genes over others homozygous for them. A situation 
analogous to balanced polymorphism would then arise, and at equilibrium 
the heritable variation would become independent of mutation rate. No such 
heterozygotic advantage was detected in the variation arising by mutation, 
even though Paxman made a special search for it; nor is it likely on general 
grounds. Such an advantage must, however, remain as a possible, even if 
unlikely, additional reason for regarding a linear relation as representing 
the maximum, rathef than the regularly realisable, effect of mutation on 
variation in populations such as those of man. In other words a permanent 
doubling of the mutation rate would not be expected to do more, and under 
some circumstances might do less, than double the heritable variation in the 


population. 
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APPENDIX G 


The Effect on the Distribution of Intelligence of Increasing the 
Heritable Variation 


Under conditions of natural selection the effect of raising the heritable, and 
hence the total, variation of expression of a character, some particular 
expression of which is the fittest, must in general be to lower the average 
fitness in the population ; though where the mean departs widely from the 
most advantageous expression of the character the fitness of selected groups 
might be raised. Furthermore, where all expressions of the character may 
be displayed, the overall fall in fitness must be directly related to the increase 
in variation. A fall in fitness is not, however, to be translated directly into 
social load when we are considering the consequences of raising the heritable 
variation in such a character as mental capacity in man. 


The intelligence score of an individual is derived from his performance in 
a series of tests, and the frequency distribution obtained from a population 
must therefore reflect the structure of the tests. The distribution obtained is 
generally treated as being normal, but in fact certain disturbances occasion- 
ally appear, and they seem to be of a type which no simple transformation 
or statistical adjustment can remove. It is very likely that such discrepancies 
spring from innate features of the test, and they should not, in any case, 
be allowed to obscure the essentially normal nature of the distribution. 
Normality will in fact be assumed in the following discussion. It is con- 
sidered that by avoiding the use of very narrow ranges and, more particu- 
larly, by discusssing relative rather than absolute effects, broadly valid con- 
clusions should be attained. 


I am informed by Professor F. A. Peel of the Department of Education 
in the University of Birmingham, that in educational discussions the distri- 
bution of intelligence scores is taken as normal and is standardised to a 
mean of 100 with a standard deviation of 15. The scores have been found 
to approximate to I.Q.’s as measured by the original tests, and are commonly 
referred to as ‘I.Q. scores’. In these terms, Professor Peel further informs 
me, children with an I.Q. of less than 70 are generally regarded as educa- 
tionally sub-normal and as requiring education in special schools; those 
with an I.Q. of betwen 70 and 80 are regarded as needing special teaching 
in ordinary schools ; and those with an I.Q. of over 115 as being of grammar 
school quality. These figures are to be taken only as general guides since 
they are applied neither rigorously nor uniformly throughout the country. 


For information and advice on the estimation of the heritable variation 
in respect of I.Q., I am indebted to Dr. J. A. Fraser Roberts. Sibs show a 
correlation close to 0°5 in this character. Data on parent-offspring relations 
are less full, but suggest a similar figure, so that there is no good reason 
to postulate any over-dominance or heterozygous advantage. Taken on their 
face value, such figures would indicate virtually complete genetic determina- 
tion, but there is strong assortative mating in respect of this character and 
there is also the effect of a common home environment to be taken into 
account in assessing the genetic meaning of these familial correlations. 
Observations on twins and foster children would seem to indicate 3 as the 
fraction of variation which is heritable. However, lest this should be an 
over-estimate, parallel calculations have been made, assuming fractions of 4 
and 3 as likely to straddle the true situation. Should even the figure of 4 be 
too high the effect of increasing the heritable component would be corre- 
spondingly smaller. Assortative mating has been disregarded, as we may 
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reasonably assume that its incidence would not be affected by alteration in 
the amount of heritable variation, so that its relative effect would remain 
the same. 


- Calculations have been made of the effects of raising the heritable variation 
(Vx) to 1:25, 1:50 and 2:00 times its present, value, assuming that environ- 
mental variation (Vy) remains unaltered. Thus, taking Vy to be 2 of the total 
variation (V;) we have: 


Vua=3Vr=3 x | Gale and 
Ve=Vr * Vu=} x 15%; 
so that doubling the heritable variation would give us the new total: 
Vr =V_t+2Vue=(5 x 15") 4+ (2 x 3 x 152) =13 x 225 = 393-75 
and the new distribution of I.Q. would have a standard deviation of 19°84, 
the mean remaining at 100. The proportion of individuals expected to have, 


for example, an I.Q. of less than 70 can then be found as the area in the tail 
of the distribution cut off by the ordinate falling short of the mean by a 


normal deviate of 9 bel 


30 
19-84 

The results of this and similar calculations are shown in Table 1G, where 
they are expressed as values relative to the proportion calculated as falling 
into corresponding classes with the distribution as it is now assumed to be. 
Thus the assumed present distribution (x=100, s=15) gives 2°27 per cent of 
individuals with an I.Q. of less‘than 70. With the heritable fraction at 3 
of the total and doubled, 6°53 per cent fall below a score of 70, making a 
6:53 
B24 j . 
the heritable variation would nearly treble the number of children with an 
I.Q. of less than 70 (i.e. those needing to be taught in special schools, as 
judged by a common convention of today). In addition to the relative changes 
in the numbers with an I.Q. of less than 70, figures are also given for those 
in the classes with I.Q. less than 75 (a figure sometimes taken to indicate the 
need for special schooling), I.Q. between 70 and 80 (special teaching), and 
1.Q. over 115 (grammar school). 


TABLE 1G 
The effects of raising the heritable variation on the frequencies of 
different intelligence groups 


relative value of 2°88. In other words, on these assumptions, doubling 


Factor of increase relative to present 
proportion with heritable variation 


Present proportion Assumed raised to: : 
Intelligence | per cent of population present (falling 
group (assuming a normal heritable (constant mean) mean) 
distribution) fraction 
12> 1-5 2:0 2:0 

















1.Q. < 70 2:27 j SiS plied. 25265. 41.0.3-24 
3 Pike std 2288 «| anSk 
LQ.<75 | 4-78 pe TOR. 55 TQS Myiga o> 9.59 
3 pam ipegat Sony.) hws, 28 
10<1.Q.<80 6-85 } RDO. 116, 2A 2%. |e 1859 
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In these calculations the variance has been assumed to change without 
alteration of the mean, so that the proportion of high I.Q. increases with the 
proportion of low I.Q. A further calculation has been made in which, as the 
variance increases, the mean is allowed to fall so as to keep constant the 
proportion with I.Q.’s of over 115. This is intended to illustrate the kind of 
result which would be obtained if mutation were preponderantly, but not 
wholly, degradatory. The relative changes for doubled heritable variation on 
this assumption are also shown in the table. 


It should be remembered that these changed proportions would be achieved 
by corresponding increases in the mutation rate, only when equilibrium had 
been reached or at least closely approached, that is to say, after very many 
generations. 


K. MATHER 
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APPENDIX H 


The Doubling Dose of Radiation for Various Plants and Animals 


In paragraphs 171-182 we were concerned with finding some quantitative 
measure of the effectiveness of radiation in causing mutations, with the 
purpose of using this estimate to establish maximum levels of exposure which 
are genetically tolerable. In this context, one must be particularly careful not 
to under-estimate the effects of radiation. In order to express its influence in 
terms of a ‘doubling dose’, we should try to arrive at a figure for the lowest 
dose of radiation which changes mutation in a way which is effectively 
equivalent to a doubling of the mutation rates of every gene. For those genes 
with very low spontaneous mutation rates a doubling of the rate will be 
relatively unimportant. Among the genes with relatively greater spontaneous 
mutation rates, some may be more sensitive to radiation than others. What 
we need to estimate is the dose of radiation which doubles the mutation rate 
of a sample of these more sensitive genes sufficiently large to be physiologi- 
cally representative of mutations in general. This might be called a ‘ minimum 
representative doubling dose’. 


After pointing out (paragraph 176) that this can scarcely be less than the 
naturally occurring dose of radiation, we discuss the possible modifications of 
this bedrock minimum in terms of an argument which was originally largely 
due to J. B. S. Haldane (1948). This consists of an attempt to estimate the 
fraction of the spontaneous mutation rate in man which can plausibly be 
attributed to natural radiation. The argument proceeds by analogy with the 
conditions in other organisms, and particularly those in the fruit-fly 
(Drosophila) and the mouse. 

In Drosophila, suppose that: 

f=the fraction of spontaneous mutations due to natural radiation, 
r=the rate of natural radiation (in r per day), 
m=the rate of mutation induced by 1 r, 
s=the spontaneous mutation rate, 
t=the average age at reproduction (in days). 
Then we shall have: 


mrt 
are 
Similarly if capital letters represent the same factors in man, we shall have 
_ MRT 
Feantgi 


Now the spontaneous mutation rate and the rate of induced mutation (s and 
m) are much better known for flies than for man (S and M). Thus, the 
procedure is to arrive at F by first finding as good a value as possible for f 
and then modifying this according to the relation, 


MRTs 
on mrts 
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In his original presentation of the argument, Haldane adopted for f a value 
(0-001) which had been calculated by D. E. Lea (1946). However, it has recently 
been pointed out (Spiers, 1956) that Lea based his calculation on an estimate 
of natural radiation of 2:2 milliroentgens (mr) per day, which is about eight 
times greater than that accepted at the present time (paragraph 200). The 
value for f has to be reduced accordingly. For the sake of simplicity we have 
taken it as 0:0001 (paragraph 178), although this may be a slight under- 
estimate. 


This value for f is based on an estimate of 0:15 per cent sex-linked lethals. 
Lea argues, in agreement with other authors who have considered the matter, 
that there may be about 1,000 genes capable of mutating to sex-linked lethals 
in Drosophila; his value for the spontaneous mutation rate can therefore be 
expressed as 1:5x 10—* per locus. The statement. (paragraph 178) that the 
human spontaneous mutation rate is probably about five times as great 
as this is based on the observation that the mutation rates of several human 
genes, are around 10 per million per generation (cf. Table 1C). 


The opinion (paragraph 179) that mouse genes are more sensitive to 
radiation than those of Drosophila (i.e. have a higher value for m) is based 
on the work of W. L. Russell (1954). It is disputed by some authors; but if 
one adopts it, and takes it to suggest the hypothesis that human genes are 
also more sensitive, the result is to increase the value of F, and thus to lower 
the estimate of the minimum representative doubling dose. In order to be as 
cautious as possible, we have therefore adopted these assumptions. 


The estimate (paragraph 185) that one human germ cell in ten carries a 
new mutation is a minimum figure arrived at in calculations by H. J. Muller 
(1950, 1954). 


Some typical figures for doubling doses derived from experiments on plants 
and animals are given in Table 1H. These figures are open to a wide margin 
of statistical error, as the number of spontaneous mutations was always 
small; in most instances values smaller or larger by a factor of 2 are not 
excluded. 


There have been many other reports of experiments in, which mutations 
were induced by ionizing radiations, especially in plants and lower organisms ; 
however, in the great majority of these, either the control series was too small 
for any spontaneous mutation to be observed, or the apparent mutants found 
were not confirmed by genetic test. The figures quoted here are probably 
representative. 
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APPENDIX J 


The Dose of Radiation Received in Human Tissues from Natural Sources 


All living organisms absorb ionizing radiation from sources which are either 
present in their environment or incorporated in their own tissues. The most 
important ‘external’ radiations are cosmic rays and the radiations arising 
from elements of the uranium and thorium series present in the earth or the 
air and from the potassium 40 content of the earth and of vegetable matter. 
The ‘internal’ irradiation arises chiefly from the potassium in tissues, but 
there is also a small contribution from carbon 14 and in some cases soft 
tissues within bone receive radiation from very small amounts of radium 
present in the skeleton. Radon in the atmosphere, besides contributing its 
quota to the external radiation, may also add to the internal dose, by access 
of the radioactive material to the tissues via the lungs. Because alpha rays 
and beta rays are so readily absorbed, even by the elements of low atomic 
number which comprise the soft tissues, the dose from external sources may 
be regarded as entirely due to cosmic rays and gamma rays. The dose from 
internally absorbed radioactive materials, however, arises in large measure 
from beta rays and, when present, from alpha rays. 


The radiation dose to human tissues from this normal background is small 
compared with doses known to cause immediate somatic change, and its 
significance is presumably to be sought in possible long-term effects ; of these 
the genetic and carcinogenic actions of ionizing radiation would appear to be 
the most likely. The critical tissues considered in this appendix are, therefore, 
the gonads and the osteocytes of the Haversian systems in bone. An estimate 
of the dose to these tissues is made as far as present data allow, and although 
this is attempted for a number of different localities, it must be emphasised 
that knowledge of the basic data is far from complete. 


All doses are expressed as soft-tissue doses in rads, and where calculations 
have involved the quantity ‘W.’ the energy per ion pair formed in air, a 
value of 34 eV has been taken as representative of recent experimental 
determinations of that constant. 


SOURCES OF EXTERNAL RADIATION 
Cosmic rays 


The cosmic ray ionization intensity in air at sea-level (and geomagnetic 
latitudes above 41° N) has been variously quoted in the literature over a 
range of from 1-5 to 2:8 ion pairs/cc/sec. The differences have arisen largely 
in the interpretation of high-pressure ionization-chamber measurements, and 
the correct method of analysis appears to be that used by Clay and his 
co-worker (1938), and re-examined and supported by further experiments 
by Burch (1954). The mean of three values given by these workers and 
corrected to ionization in free air is 1-92 ions/cc/sec. Converting this value 
to a tissue dose gives :— 


cosmic ray dose-rate to soft-tissues = 0-028 rad/year.* 


This dose-rate applies to any soft tissues in the body, including the gonads 
and osteocytes, and is typical for most locations at the earth’s surface above 
latitude 41° N. It may be some 20 per cent less in basements of tall buildings, 
which absorb the ‘soft’ cosmic ray component; but any considerable 





* 1 rad corresponds to a dose of about 1-07 r in soft tissues. 
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reduction in dose-rate will only occur in deep underground situations. At a 
height of 10,000 ft. the cosmic ray dose-rate is increased by a factor of 3 or 
more, but it will be seen later that cosmic rays contribute only a fraction of 
the total tissue dose, and that, in consequence, the tissue dose-rate at this 
height might be only some 40 per cent greater than at sea-level. 


The dose-rate of 0:028 rad/year is less than the figure 0-035 rad/year, given, 
for example, by Libby (1955). For the reasons given above, the lower figure 
appears to be the correct one and is retained in the present analysis. It is a 
matter of some discussion whether or not the small component of slow 
particles in cosmic radiation has a higher R.B.E. than the fast-meson com- 
ponent, the R.B.E. of which has been taken as unity. Some mutations are 
reported as being less effectively produced by heavily ionizing particles ; 
in a few other cases the R.B.E. for heavy particles has been found to be in the 
region of 5. In the extreme case, the slow-particle component would not appear 
likely to add as much as 0-01 rad/year to the effective cosmic ray dose. On 
the other hand, some shielding of the soft gamma ray component of the 
cosmic radiation by building structures occurs, which reduces the dose below 
the unshielded value. It would seem best, in view of this and the possible 
effect of a higher R.B.E., to accept the unshielded value of 0-028 rad/year as 
the best estimate for sea-level and latitudes above 41° N. 


Local gamma rays 


Under most conditions of life, gamma radiation from local surroundings 
is responsible for the greater fraction of the external radiation dose. 
Measurement of this contribution, however, has been made in comparatively 
few places. 


Some measurements of local gamma ray dose-rates in Leeds and Aberdeen 
(Spiers and Griffith, 1956) are summarised in Table 1J. The results cover 
only limited types of situation, but the concordance between the dose-rates 
in brick and concrete buildings, whether in Leeds or in Aberdeen, suggests 
that they may be fairly representative of the dose-levels in areas which are 
not specially radioactive and in buildings not made of granite. The dose-rates 
in Leeds determined with a lightly shielded counter, are about 20 per cent 
higher than the background measurements previously reported, but. this 
effect was shown to be due to the difference in shielding in the two measure- 
ments. The results in Table 1J represent the local gamma ray dose-rates under 
conditions of light shielding. 


TABLE 1J 


Measurements of local gamma ray dose-rates in Leeds and Aberdeen 
(Spiers and Griffith, 1956) 





Type of building Local gamma ray dose-rate 





(or ‘ out-of-doors ’) Location (rad/year) 

I. All granite ... | (a) Aberdeen—laboratory .... int 0-107 
(5) Aberdeen—bell tower —... ay 0-099 
(c) Aberdeen—entrance hall ... is 0-101 

II. Brick and concrete | (a) Aberdeen—rooms on various floors 0-073 
(6) Leeds—room in hospital building... 0-081 
(c) Leeds—single-storey laboratory ... 0-080 
(d) Leeds—various rooms in house ... 0-077 


III. Out-of-doors. ... | Leeds—garden of house II(d) above ... 0:048 
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Sievert and Hultqvist (1952) and Sievert (1955) have reported measure- 
ments of the total ‘cosmic ray plus gamma ray’ background in Swedish 
houses and in out-of-door situations. Some of the Swedish results are given 
in Table 2J where an allowance has first been made for the cosmic ray 
fraction and the residual ionization converted to tissue dosage. The mean 
dose-rates recorded were based on measurements in about 70 houses. 
Variations in dose-rate were most marked in Type 3 houses where, in some, 
values 50 to 100 per cent above the mean in Table 2J were recorded. 


TABLE 2J 


Measurements of the total ‘cosmic ray plus gamma ray’ background in 
Swedish houses and in out-of-door situations in Sweden (Sievert and 
Hultqvist, 1952 ; Sievert, 1955) 


: . Gamma rays only| Mean dose-rate 
Situation (ions/cc/sec.) (rad/year) 
Wooden houses ... b it} 4-0 0-059 
Indoors, centre | Brick and concrete houses (Type 1) O:2 0-091 
of room Brick and concrete houses (Type 2) 6°5 0-095 
Brick and concrete houses (Type 3) 14°8 0-216 
‘Stockholm streets ... an me 5:8 0-085 
Outdoors Over igneous rocks 3a Ode 3°9 to 8:3 0:06 to 0-12 
Over clay ... mis Vea 3-+4 0-05 





The local gamma ray dose-rate can also be estimated approximately at 
some places in South-west England from geiger-counter recordings reporied 
by Peirson (1951). Taking the counting rate given by Peirson for a ‘ normal’ 
background situation, and allowing for the cosmic ray fraction, a counting 
rate of about 1:3 cts/min. per cm? of projected cathode area is deduced 
for this ‘normal’ local radiation. Assuming an over-all efficiency of the 
counter assembly of 0°6 per cent, and a mean gamma ray energy of 1 MeV, 
a gamma ray flux is deduced which corresponds to a tissue dose-rate of 
0:05 rad/year, a figure reasonably in accord with measurements in Leeds 
and in Sweden away from areas of high radioactivity. Applying the same 
analysis to the recorded counting rate in St. Ives and its neighbourhood, the 
local gamma ray dose-rate is deduced as approximately 0°25 rad/year. Great 
accuracy cannot be claimed for this estimation in view of the assumptions 
made, but it is of the same order as the values given in Table 2J for areas 
of known high radioactivity in Sweden. Dose-rates of 0:3 rad/year and over 
have been reported in some parts of Cornwall (Wood and Willey, 1954). 


Atmospheric radon 


Radiation from the break-down products of atmospheric radon also add 
to the external gamma ray dose. This effect may be expected to be small 
under: most conditions, but so far no measurements have been made to 
distinguish its contribution from that of gamma rays from the solid sur- 
roundings. Peirson and Franklin (1951) have calculated that at ground level 
an atmospheric radon content of 3X10— c/1 produces a gamma ray flux 
of the order of 10 quanta/cm?/min. Taking a mean energy of 0°8 MeV for 
radium B and C gamma rays, the tissue dose-rate for this flux is 0°0022 
rad/year. Anderson, Mayneord and Turner (1954) have reported levels of 
atmospheric radon in London (in May 1953) which averaged 2-3 x 10— c/1. 
and under these conditions the external gamma ray dose from atmospheric 
tadon is of the order 0:02 rad/year—a contribution of nearly the same 
magnitude as that due to cosmic rays. 
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SOURCES OF INTERNAL RADIATION 


Potassium 40 
The following data have been used in the calculation of the dose-rate from 
the potassium content of the body :— 


Mean potassium content of body = 0-215 per cent 
Specific 4-activity of K = 27-4 £’s/sec./g. K 
Specific y-activity of K = 3-5 y’s/sec./g. K 
Mean /-ray energy of K 40 = 0-605 MeV 
Mean y-ray energy of K 40 = 1-46 MeV 


Because the mean range of the beta particles of potassium 40 is only some 
2 mm, the dose-rate in a given organ is determined mainly by its own 
potassium content. In the absence of precise values for the potassium content 
of the gonads, the mean for the whole body, derived from Shohl’s data (1939) 
is adopted. The total tissue dose-rate derived from the energy released per g. 
of tissue, is then: — 


tissue dose-rate due to K = 0-018(4) + 0:002(y) = 0-020 rad/year. 


In relation to this calculation there may be doubt as to the precise value 
for the potassium content of the gonads. So far it has only been possible to 
make flame-photometric measurements on tissues taken from two post 
mortem examinations. The results, obtained through the kind co-operation 
of Dr. F. M. Parsons of the Urological Department of the General Infirmary 
at Leeds, are as follows :— 


Potassium Sodium 
Case and age content content 
(mg./100 g.) (mg./100 g.) 
A. 67 yr. (testes)... i: (i) 190 205 
(ii) 240 172 
B. 28 yr. (ovaries) ... Ww, (i) 188 200 
(ii) 197 204 


Three results are concordant and one (Aii) is suspect in that the sodium 
value is so low. They suggest, however, that no great error is being made 
in assuming an average potassium content of 0°215 per cent, as given by 
Shohl. The tissues were taken from the central parts of the gonads, and the 
potassium content should be representative of the average value over 
dimensions of a few mm. of the tissues containing the germ cells. 


Carbon 14 

Carbon in living systems contains approximately 1 part carbon 14 in 10”, 
and has a specific beta ray emission of 0:2 beta particles per sec per g. carbon, 
with a mean energy of 0-053 MeV. Taking the carbon content of tissue as 
18 per cent, the energy deposition due to the carbon 14 amounts to a tissue 
dose-rate of only 0:001 rad/year. 


Radon and its disintegration products 


An estimation of tissue dose arising from the inhalation of air containing 
radon can be made if, in the absence of complete information on all the 
factors concerned, some simplifying assumptions are made. The concentra- 
tion of radon in the atmosphere is regarded as uniform, and it is assumed 
that the break-down products (radium A, B, C and C') are in equilibrium 
with the radon and are uniformly suspended in the air. The calculation is 
then made in two parts: (1) for a steady level of radon (plus disintegration 
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products) in body-tissues via the blood in contact with the radon in alveolar 
air, and (2) for a steady intake into the lungs of the disintegration products 
_ formed in the air. 


The solubility of radon in water at 37° C. is 0°17, and in fat the figure is 
about five times higher. If the concentration of pure radon in alveolar air 
is C, and is regarded for the moment as free of disintegration products, the 
concentration of radon in the 50 kg. of aqueous tissue will be 0:17 C and 
that in the 10 kg. of fatty tissue will be 0°85 C, giving a mean for the whole 
soft tissues (63 kg.) of 0°27 C. This level of radon in the tissues is main- 
tained, and hence it will maintain its disintegration products in equilibrium 
with it. Taking the effective disintegration energy of the series as 20 MeV, 
and assuming an atmospheric radon content of 3x 10-13 ¢/1 (as above) the 
energy deposition per g. of tissue corresponds to a dose-rate of only 3x 10-5 
rad/year, mainly of alpha radiation. Using an R.B.E. of 10 to enable this 
alpha dose-rate to be added to the beta and gamma dose-rates already 
calculated, the tissue dose-rate for the dissolved radon is 3 x 10— rem/ year. 


The dose-rate from the disintegration products formed in the atmosphere 
and subsequently inhaled can be calculated on an assessment of the fate of 
the products retained. If the products are insoluble in body fluids, little if 
any irradiation of the gonads could occur from inhalation; if soluble, a 
fraction of the retained products (the retained fraction in lungs and respiratory 
tract is 75 per cent, I.C.R.P., 1955) would be generally disseminated in the 
bloodstream. The calculation has been based on the assumption that 20 per 
cent of the inhaled disintegration products are effective in irradiating general 
body-tissues, and an exact. formula has been used in calculating the 
equilibrium energy dissipation. The total dose-rate to soft tissues due to the 
inhalation of air containing 3 x 10—"* c/1 of radon plus disintegration products 
is then 1°9 millirem per year. 


The total dose-rate to soft tissues due to the inhalation of air containing 
3x 10-8 c/l of radon plus disintegration products might be expected, there- 
fore, to be about 0:0022 rem/year. At the radon concentration of 3x 10-2 
¢/1 reported by Anderson ef al., (1954) for London air the dose-rate thus 
calculated would be 0:022 rem/year, i.e. a figure comparable with the cosmic 
ray background. 


Total dose-rate to the gonads 


Before summarising the total gonad-dose from all sources the effect of 
body-shielding on the local gamma ray dose should be considered. Measure- 
ments have now been made of this shielding factor by using a water-filled tin 
model. A thin-walled tube was fixed in the trunk so that a small geiger- 
counter could be positioned at the site of an ovary. The counter was placed 


TABLE 3J 


The screening factors for local gamma rays: horizontal, sitting and standing 
postures 





Screening factors for local gamma rays 
Position of model 


Female Mean Male Mean 
Horizontal BS te 0-52 0-67 
Sitting ee fe) ay 0:58 0-56 0:70 0-70 
Standing ... mn 7 0-59 0-72 


Mean factor for both sexes 0:63 


93299 O—57—pt. 2———42 
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outside the trunk to assume representative positions for the testes. Measure- 
ments were made in a laboratory (site Ilb in Table 1J) where the background 
was known to be steady. The cosmic ray response of the counter was allowed 
for by measurements made inside a cubicle shielded by a minimum thickness 
of 9 in. of steel. The screening factors for horizontal, sitting, and standing 
postures are given in Table 3J. 


The correction for the cosmic ray component inside the building could only 
be estimated approximately, but if this were in error by as much as +100 
per cent it would produce errors in the screening factor of not more than - 8 
or +4 per cent. In the male, the factor varies with the position assumed but 
by not more than +8 per cent. The average ratio for the two sexes should not 
be in error, therefore, by as much as +10 per cent. 


Summary of dose-rates to the gonads 


Table 4J summarises dose-rates which may be regarded as typical for 
regions in this country and possibly elsewhere, where the local rock radio- 
activity is not specially high, and the buildings are of brick or concrete 
construction not incorporating specially radioactive materials such as granite 
or granite chips. In arriving at the dose-rates a gonad shielding factor of 0°63 
has been assumed, and the local gamma ray dose is averaged for an assumed 
8 hours* out-of-doors and 16 hours indoors. 


TABLE 4J 


Dose-rates to the gonads for a region of ‘normal’ ground radioactivity 





Radiation source Dose to gonads per year 








(rad) 
External irradiation 
Cosmic rays (sea level) + ine pale see “4 ay ey ad 0-028 
Local gamma rays (Leeds, 78 millirad/year indoors a } 0-043 
48 millirad/year out-of-doors) 
Radon in air, 3 X 107'e/1 es 7 $6, 3) 0-001 
dnternal irradiation 
Potassium 40 “¥ dat ate ae A Six ra 0-020 
Carbon 14... en ald aus ie va fe ¥; _ 0-001 
Radon + disintegration products, 3 x 107%c/1 Pus ai 0-002 
Total dose per year... phy ee sles ite Rae ost 0-095T 
Dose to age 30 years ... i Ae oe As ae ois ESOT 


+ Includes allowance for the R.B.E. of the alpha radiation where present, and therefore 
also expresses the gonad-dose in rem. 


Table 5J illustrates an attempt to assess the gonad-dose to populations in 
three different localities and in different types of building. Estimates are 
given for two radon-in-air concentrations but it is not known whether levels 
as high as 3X 10—" c/1 persist for long periods. 


It should be noted that higher dose-rates and greater differences between 
localities could be obtained by taking the extreme values observed in some 
of the Stockholm and Aberdeen sites, but an attempt has been made to assess 
as far as possible the conditions affecting large numbers of people. Thus, 
because even agricultural workers spend probably 8 hours per day or more 


* This is a maximum figure and is probably an over-estimate. 
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TABLE.5J 


Assessment of the gonad-dose to populations in three different localities and 
in different types of building 


Dose to gonads (rad per year)* 





Location Type of building 
Radon 3 x 10°'3c/1 | Radon3 x 107%? c/1 
Leeds sae * Brick The iad 0-095 0-125 
Aberdeen ... tz Granite... Mia 0-108 0-138 
Wood houses ee 0-095 0-125 
Stockholm ... S. Type 2 houses x 0-109 0-139 
Type 3 houses ah 0-160 0-190 


* Gonad shielding factor, 0-63; exposure, 8 hours out-of-doors and 16 hours indoors. 


in a brick house, their gonad-dose is not very different from that calculated 
for a Leeds town-dweller. The body-shielding factor of 0-63 considerably 
reduces the difference otherwise apparent in situations of differing local 
radioactivity. 


DOSAGE IN BONE 


Consideration should be given to the problem of dosage in bone from 
natural sources, in order that the significance of the ingestion of bone-seeking 
radioactive isotopes may be properly assessed. The dose-rate to osteocytes 
has been estimated, therefore, by a summation of the dose-rate from sources 
external to the bone and that from radium deposited in the skeleton itself. 


Dose frem sources external to bone 


The dose-rates to osteocytes from the sources considered above will not 
be very different from the tissue doses already calculated. The dose-rate from 
potassium. 40 will be less, because the potassium content of the bone is only 
about one-quarter of that for the body as a whole. The dose-rate from inhaled 
atmospheric radon and its products may also be expected to be greatly 
reduced, because even if the radioactive content of an osteocyte from these 
sources were the same as that deduced for soft tissues, the alpha particles 
would leave only a small fraction of their energy in the osteocyte itself. 
The reduced dose-rate to osteocytes for the conditions assumed in Table 4J 
might be put at about 0:08 rem/year. 


Dose from radium in bone 


The most likely value for the radium content of the skeleton for a region 
not exceptionally high in radioactivity would appear to be the mean content 
of 1:2 x 10— g. measured by Hursh and Gates (1950) for subjects in 
Rochester, New York, U.S.A., where the radium content of drinking-water 
is given as 0°6 x 10—® g./cc. If the skeletal radium is proportional to the 
radium level in drinking-water, the measured level of 1:1 x 10— g./cc for 
tap water in St. Ives (Gleuckauf and Jacobi, 1953) would imply a body radium 
content of 2:2 x 10—° g. Swedish waters are known to have very much higher 
radium contents, implying body radium contents approaching 10~ g., but 
measurements of body gamma ray emission by Sievert (1953) do not suggest 
radium contents of this order. In fact a cross-check in 1953 between Sievert’s 
apparatus and one in Leeds indicated that measured activities of persons not 
occupationally exposed to radium salts were about the same in Stockholm 
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and Leeds. These measurements, however, do not exclude small skeletal- 
radium burdens of the order of 5 x 10—° g.* 

A mean radium-burden of 10—!° g. has been taken as typical for a region 
not specially radioactive, and a mean burden of 10—° g. of radium for an 
active region like St. Ives. Using methods similar to those given by the 
author elsewhere (Spiers, 1953) the mean dose-rates to osteocytes have been 
estimated as in Table 6J. 


TABLE 6J 
Estimation of the mean dose-rates to osteocytes 





Dose-rate to osteocytes (rem/year) 

















Ra in 
Conditions skeleton 
(g.) Ra External Total 
sources 
Not specially active region, e.g. Leeds : Ds 
3 x 10° }3c¢/I1 radon in air » 1072 0-037 0-08 0-12 
Active region ; | 
3x 10°%c/lradoninair— ... 1079 0-37 0-18 | 0:55 
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APPENDIX K 


The Genetically Significant Radiation Received from 
Diagnostic Radiology 


The total number of X-ray examinations performed per annum 


Information under this head relating to the National Health Service has been 
obtained from the Annual Reports of the Ministry of Health. Other 
information was supplied by the Services, other Government departments, 
and various bodies which undertake diagnostic examinations. 


Hospitals operating under the National Health Service are responsible for 
by far the biggest proportion of the X-ray diagnostic work carried out in this 
country. Total figures for the number of X-ray examinations performed at 
these centres are available for the years 1951 and 1952; for the years 1953 
and 1954 however the only information given is the number of ‘units of 
work done’. Between 1951 and 1952 the number of examinations carried out 
under the National Health Service (Table 1K) increased by 13-2 per cent, 
and between 1953 and 1954 by 10:9 per cent. Jt has, therefore, been 
assumed that the mean of these figures, 12 per cent, would fairly represent 
the increases for 1952-53 and 1954-55. The number of examinations carried 
out in 1954 was estimated by applying to the number of ‘ units of work done’ 
the ratio derived from the previous year’s figures, 1.e., that 1 examination 
equals 1-8566 ‘units of work done’. The figure for examinations performed 
in 1955, estimated on the assumption that the trend shown in the previous 
years continues, is, therefore, approximately 12,200,000. 


TABLE 1K 


The number of X-ray examinations per year carried out at National 
Health Service hospitals : 1951-55 





Veat Number of Number of 
© ‘units of work done’ examinations 
1951 ac < me! oF ost — 7,738,389* 
1952 ae ita a6 ¥ 3 — 8,756,643* 
1953 PAS a , Fe 24 18,214,310* 9,810,365t 
1954 oo hat oe a ll 20,201,177* 10,880,506f 
1955 - nae £*. = Lal — 12,189,801t 





*From the Annual Reports of the Ministry of Health. 

+Obtained by adding 12 per cent to the figure for the previous year (see above). 

tObtained by applying to the number of ‘ units of work done’ the ratio derived from the, 
previous year’s figures, i.e. that 1 examination equals 1-8566 * units of work done’. 


This total refers only to National Health Service hospitals. It has been 
assumed that hospitals outside the Health Service undertake 3 per cent of 
this number of examinations, i.e., 350,000, and that private medical practice 
accounts for a further 100,000 examinations. It is further assumed that the 
distribution between types of examination and sex and age of the patients 
examined is sufficiently similar to pe the final total of 12,650,000 being 
treated as a single group. 


/ 
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The gonad dose per examination 


The values used in the calculations for radiation dose to the reproductive 
organs are listed in Table 2K. They are based almost entirely on the work of 
Stanford and Vance (1955). These workers made careful measurements on 
more than 1,500 patients, largely at one hospital. For males, the measuring 
instrument was placed close to the testes ; for females, at a point on the skin 
over the ovaries. A subsidiary experiment on six. cadavers gave the ratio 
of ovary-dose to surface-dose to be expected for the different kinds of X-ray 
examination ; it did not, however, give any indication of the dose received 
by the reproductive organs of a foetus. Accordingly, where the site. of 
examination is remote from the pelvis of a pregnant woman, the dose to the 
foetal gonads is taken to be the same as that to the mother’s ovaries ; where 
the child is in the direct beam, however, the dose has been estimated from 
the information given by Stanford and Vance. For salpingography and 
pelvimetry, the doses used are the lowest that have been published in this 
country. In the case of pelvimetry, it is assumed that three films are taken in 
each examination, although many hospitals take more. The dose for 
salpingography is as reported by Barnett and Bewley (1955) and that for the 
foetal gonads in pelvimetry by Stanford (1951). 


It must be emphasised that the doses quoted in Table 2K are those 
produced by the techniques and methods of only one hospital; further, this 
hospital is one where particular care is taken to reduce the gonad doses to 
the minimum. 


TABLE 2K 


The dose of radiation received by the gonads in the course of X-ray 
diagnostic examination of various parts of the body 





Dose (mr) received by the gonads 
X-ray examination 








Male Female Foetal 
Head ... 0°8 0-2 0:2 
Teeth 4-75 0:8 0:8 
Shoulder be m9 ay ei 0:22 0:03 0-03 
Arm, hand ... a i. uae . 0:26 0-05 0-05 
Rib, sternum ad om Lue a 0-48 0:16 0-16 
Chest—large film ... ae, a8 Rs 0-36 0-07 0:07 
> —mass miniature radiography ne 0:25 0-15 0-15 
+) —Special* he We v5 LS: 37 5-4 5-4 
Barium swallow and meal he Bis 20 9 9 
‘i. enema sad aa 2 3, 40 20 20 
Abdomen _... ‘dah a oy di 69 200 580 
Cholecystogram .... +4 ia a 1-8 15-6 15-6 
Pyelogram ... Uy it oS i 486 1,290 3,210 
Bladder Bag vas ei nat 279 690 2,610 
Pelvis we sa ne Ce + 1,100 210 800 
Hip, femur ... ia dna ae we 710 210 800 
LEG. 100t eh. — tb sm fai eet 0:6 0-6 
Spine—cervical of ae. esa at 1-74 0-18 0°18 
» thoracic pe : ay +o 22 15 15 
5» —lumbar sah oe a a 12,” pa 713 713 
Lumbosacral joint ... be sf. if 224 » 220 1,540 
Sacro-iliac joint ed a. ca ad 129 713 2,700 
Salpingogram og ne at BT a 1,700 = 
Pelvimetry ... ae af) ot nee - 1,280 2,680 





* An average value for bronchography, tomography, etc, 
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TABLE 3K 


The genetically significant radiation resulting from diagnostic radiology : 
England and Wales, 1955 





Foetal 
Males Females gonads 
Examina- Type of 
tion examination Examina- Examina- 
centres tions as | Dose | tionsas| Dose Dose 
per cent |aspercent| per cent |as percentlas per cent 
of total* | of totalt | of total* | of totalt| of totalf 
Head 3-9 0-1 3-4 nf n 
Teeth .... is iv 0:2 n 0-3 n n 
Shoulder ee Pita 0:8 n 0:6 n n 
Arm and hand... ay 4-8 n 4-3 n n 
Rib and sternum es 0-4 n 0-1 n n 
Chest—large film box 11-8 0-1 12:5 n n 
» special mM 0:4 0-2 0-8 n n 
Barium swallow and meal 2°6 0-4 1-6 0:1 n 
Hl enema ... a 0-5 0-2 0-7 0-1 n 
Abdomen (including 
obstetric) st 0:6 1-1 1-1 4:0 6°4 
Cholecystography 0:2 “n 0:4 n n 
Pyelography 0-7 3-0 0-6 10-7 23 
Bladder ... 0-1 0-1 0-1 0-4 0-4 
Hospitals ... Pelvis 0:7 7:4 0-7 2°3 0:7 
Hip, femur 1:4 19-2 1-4 3:8 0-2 
Leg, foot 5-0 0:4 3-9 n n 
Spine—cervical 0-4 n 0-7 n n 
», thoracic 0:5 0-1 0:6 0-1 n 
5» —lumbar 1°4 2°6 1-4 10:8 9-7 
Salpingography — = 0-1 1-1 — 
Pelvimetry a2 _ — 0-1 3-0 15-6 
Total ... | 36°4 34-9 35°4 36°4 26-3 
(Re-allocation of the 
foetal dose)§ 18 13-5 12-8 
Total ... a 48.4 49-2 
General 
Dental All types fs ie 1-8 0-1 3-0 n 
Service 
Armed 
Series epteri oe oS 3-4 2:2 0-1 0:1 
Mass 
Miniature es Fo a weil 10°8 n 8-3 n 
Radiography 
National 
Coal Board 3 3” ie » 45 0:2 n a <r 
Others GUS sha 7s 0:5 n 0-1 n 
Lotalt.own ean SEAL 50°7 46:9 49-3 





* 7.e. of the total of all X-ray diagnostic examinations in England and Wales, 1955. 


tT i.e. of the total of all genetically significant radiation received from X-ray diagnostic 
examinations in England and Wales, 1955. 


t n = negligible (i.e. below 0-1 per cent). 
§ Allocated between the sexes in the sex-ratio at birth, 1 : 1-059. 
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Classification of examinations by sex and age of patient and by type of 
examination 


Information as detailed as this is not readily available in many hospitals. 
It has, however, been obtained for 2 London teaching hospitals, 2 general 
non-teaching hospitals in the Greater London area, and a children’s hospital. 
In the few cases where appreciable discrepancies exist, weighting was in 
favour of the non-teaching hospitals. Information on the number of pelvimetry 
and obstetric abdomen examinations carried out was obtained from 9 
hospitals, 5 of them outside London. Apart from these two types of examina- 
tion, the number of unborn children exposed to radiation was calculated from 
the number of women of childbearing age examined. 


Detailed results 


The results of the calculations on the genetically significant radiation 
received from diagnostic radiology are given in Table 3K. The number of 
examinations has in each case been expressed as a percentage of 17,650,000, 
the estimated total number of X-ray examinations of all kinds performed in 
England and Wales in 1955. The doses received, weighted according to the 
age of the patients exposed, are expressed as percentages of the total 
genetically significant dose from diagnostic radiology in England and Wales 
in 1955. 


For comparison, the genetically significant radiation dose from natural 
radiation has been similarly calculated. Dose rates of 0:10 rad per year for 
males, and 0-09 rad per year for females have been assumed, and weighted 
according to the ages of the population as a whole. The total radiation received 
from diagnostic radiology is found to be 22 per cent of that received from 
natural radiation by the whole population, and is in addition to it. 


Strictly, these figures apply only to England and Wales, but there is no 
reason to think that the corresponding figures for Scotland and Northern 
Ireland will be greatly different. Each approximation in the calculation has, 
however, been estimated on the low side. According to the calculations based 
on the present sample, therefore, the value of 22 per cent should be regarded 
as a probable lower limit rather than as an estimate. A realistic estimate 
of the radiation contribution from diagnostic radiology might be considerably 
greater than this figure. 


A more detailed presentation of the subject than is possible here has been 
prepared and is to be published shortly (Osborn and Smith, 1956). 
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APPENDIX L 


The Contribution of Occupational Exposure to the Genetically Significant 
. Dose of Radiation 


In order to calculate the amount of radiation contributed to the total gonad- 
dose by occupational exposure, it is necessary to know (a) the number of 
persons, distributed by sex and age, who are exposed to radiation in the 
course of their work, and (b) the average gonad-dose received per person 
exposed. Accurate information on these points is lacking at the present time, 
and the following estimate is based on the best available data. 


An estimate of the average gonad-dose per worker can be made by 
analysing the data obtained by the radiation monitoring service operated at 
one time by the National Physical Laboratory and now by the Radiological 
Protection Service; this service measures the occupational exposure to 
radiation for workers in the fields of medicine, research and industry, 
excluding the Atomic Energy Authority. It is a voluntary service and its 
coverage is incomplete, since many. organisations, particularly hospitals, carry 
out their own monitoring, and there are undoubtedly others where no 
monitoring is done. However, the average dose recorded by the N.P.L. 
Service is a low one, and all the available evidence suggests that the doses 
recorded by the self-monitoring organisations are of a similar order. In these 
circumstances it has been assumed that the data obtained by the N.P.L. 
Service are applicable to all workers, except dentists in private practice ; 
analysis of these data gives the figure of approximately 50 mr per week, 
or about 2:5 r per year, as the average gonad-dose for both males and females 
in all occupations. 


Practically no information is available about private dentists and their 
assistants, but it is clear that, taking into account the number and type of 
examinations involved, their exposure risk is very much less than that of 
radiologists and radiographers; given reasonable care, the average gonad- 
dose they receive will be considerably lower than the figure of 2°5 r per year 
just quoted. 


Besides those persons actually working with irradiating equipment, there 
are large groups of people, for example nurses in hospitals, who are exposed 
to some extent as a result of their work-places being near a source of 
radiation. These people are not regarded as being radiation workers and 
are not monitored ; their total number however, greatly exceeds that of the 
radiation workers, and although the average doses are very low, the aggregate 
dose is undoubtedly significant. 


From the Annual Reports of the Ministry of Health, it would appear that 
there are at present about 9,000 persons, excluding private dentists, occupa- 
tionally exposed in the medical field; and it is estimated from information 
supplied by the Factory Department of the Ministry of Labour and National 
Service that there are about 5,000 persons occupationally exposed in the field 
of industry and research. This total of 14,000 persons is divided roughly 
equally between the sexes, and these are the people to whom the figure of 
2:5 r per year is considered to apply. Thus, the gonad-dose received per year 
by this group as a result of occupational exposure, is 17,500 r to each sex. 
In order to allow for the group of workers exposed at a low level mentioned 
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above, it is considered advisable to increase this aggregate dose by about 
50 per cént, i.e. to 25,000 r per year, for each sex; and a further 1,000 r 
should be added for each sex to cover the doses likely to be received by those 
private dentists who possess X-ray equipment, and by their assistants. The 
final total, which, it will be appreciated, is a very rough estimate, would 
then be 26,000 r each for males and females. 


There is, unfortunately, no precise information about the age-distribution 
of these groups, and the best assumption that can be made at the present time 
is that the females are all below the mean age of reproduction (for women, 
about 28 years) and that the males are evenly distributed between the ages 
of 18 and 60 (mean age of reproduction about 32 years). 


The total number of females below the age of 28 in the United Kingdom 
is 10 x 10°. Each of these women receives a gonad dose from natural 
radiation of about 0-1. r per year, so that the total dose-contribution from 
natural radiation to this part of the female population is 10° r per year. 
Hence, at the present time, the occupational dose adds about 2°6 per cent to 
the genetically significant dose of natural radiation received by the female 
population. 


For males in the United Kingdom, the population is about 5 x 10° between 
the ages of 18 and 32, and about 9 x 10° between the ages of 32 and 60. 
Only the dose-contribution for workers aged up to 32 is effective, so that the 
occupational exposure of genetic importance for male workers is about 
9,000 r per year. The total number of males in the United Kingdom below 
the age of 32 is about 12 x 10°, so that this section of the population receives 
a total dose from natural radiation of 1-2 x 106 r per year. Thus, the 
occupational dose constitutes an addition of about 0-75 per cent. 


Accordingly, in the United Kingdom the occupational contribution to the 
genetic dose from all sources except the Atomic Energy Authority is 26,000 r 
per year for females and 9,000 r per year for males, i.e. 35,000 r per year in 
ail. The dose of natural radiation received by females up to the age of 28 
is about 10° r per year, and by males up to the age of 32, about 1:2 x 10° r 
per year, making a total of 2:2 x 10° r per year. Hence, on the basis of the 
assumptions made, the occupational dose adds about 1-6 per cent to the 
genetic dose received by the population from natural radiation. It is to be 
noted that the contribution from the Atomic Energy Authority, reported by 
Farmer (1956), is 0°09 per cent. 


I should like to thank Dr. G. H. Aston of the National Physical Laboratory 
and Mr. K. L. Goodall of the Factory Department, Ministry of Labour and 
National Service, who supplied some’ of the information on which the above 
estimates are based. 
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APPENDIX M 


| 


The Long-range Fall-out from Nuclear Test Explosions 


This appendix summarises the data available on the radiation dose to human 
beings resulting from the fall-out from distant nuclear explosions. Continuous 
measurements have been made since 1951 by the Atomic Energy Research 
Establishment, Harwell, of the deposition on the ground of fission products 
from distant nuclear explosions. Measurements have also been made of the 
activity in the air at ground level in the United Kingdom, and on several 
occasions the variation of activity with height has been explored in the 
atmosphere up to 50,000 ft. (Stewart, Crooks and Fisher, 1955). 


Diffusion and deposition of dust. clouds from nuclear explosions 


The dust cloud. from a weapon in the ‘nominal’ size-range generally 
remains within the troposphere, reaching a maximum height of some 
25—40,000 ft. when exploded in the middle latitudes. This part of the 
atmosphere is comparatively turbulent, and as the cloud travels downwind 
it diffuses both laterally and vertically and contaminates the lower atmosphere 
across a broad front at great distances. The dust is ultimately removed from 
the atmosphere by washout in rain-water and by direct deposition on to 
surfaces. Measurements made in the United Kingdom have shown that the 
former is the more important process and that the latter can be neglected 
in comparison ; this conclusion however is not necessarily true close to the 
test site, where gravitational deposition may be an important factor. The 
United Kingdom measurements have also shown that, on the average, one 
half of the fine dust from the smaller type of nuclear explosion is removed 
from the atmosphere by rain-water in a period of 22 days. Deposition of 
the dust cloud from such explosions is therefore effectively complete within 
3 months of the time of burst. 


The behaviour of the clouds from explosions in the megaton class is 
markedly different. These clouds penetrate into the stratosphere, and may 
reach heights of the order of 100,000 ft. Diffusion is a very slow process in 
the stratosphere, and material returns to the lowest layers of the atmosphere 
at a much slower rate than in the case of the smaller type of explosion ; 
a significant fraction of the dust generated may remain in the stratosphere 
for years after the weapon is exploded. Systematic surveys of the radioactive 
content of the air at various altitudes, taken in conjunction with fall-out 
measurements made at the same time, have shown that the dust from these 
tests was being deposited at a rate of between 10 and 20 per cent per year. 


Measurement of airborne dust at ground level 


The concentration of radioactive dust in the atmosphere has_ been 
measured routinely by drawing measured volumes of air through filters and 
counting the resultant beta activity on a suitable geiger-counter. Ground- 
level] measurements made at Harwell since 1951 have shown that the activity 
present in air is of less biological significance than that deposited on the 
ground. The average level of activity from nuclear explosions has been 
found to be less than 1 per cent of that due to natural radioactivity in the 
air, and the maximum level has never exceeded that due to natural radio- 
activity. The measurements also show that over the past 7 years an individual 
in the United Kingdom might, on the average, have inhaled a total of 3-4 x 104 
dpm of fission products, including 8°7x 10% dpm of fresh fission-products 
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(measured at an age of 10 days) and including the particles of relatively 
high individual activity (Heard, 1956). The remaining 2°5 x10 dpm con- 
sisted of particles of low activity, owing to their low specific-activity or 
prolonged radioactive decay whilst airborne. For comparison, the continuous 
occupational permissible breathing-level for strontium 89 dust is 1:3 x 10° dpm 
per day over a working life. Table 1M summarises information on the particles 
which might have been inhaled, deduced from the detailed ‘ particle-size and 
activity’ analysis. Only particles in the high and medium specific-activity 
groups are considered ; particles in the lower specific-activity groups are of 
less individual importance. 


TABLE 1M 


Estimate of the probable number of radioactive particles in the high and 
medium specific-activity groups, inhaled by any given individual in the 
United Kingdom over the past seven years 





High specific-activity | Medium specific-activity 


SS EE 


Particle size 


(2) Total activity Total activity 
Pr msc r RES per particle* Speerrentbine te per particle* 
(dpm) (dpm) 
1-2 7 5:4 x 10 
2-3 “? 1 2.05. 010? 
3-6 ; 0-5 1-4 x 10 112 14 
6-9 a. 0-07 6-6 x 103 14 66 
9-12 } | 0-01 1-8 x 104 3 180 





* Immediate half-life = 6 days. 


The particles carry fission-product beta activity which decays approxi- 
mately inversely with time, and the activities quoted in Table 1M are those 
at 10 days after burst. The only significant alpha activity in the particles is 
that of plutonium. The activity of a 10 u-particle may vary from about 4 
disintegrations per day to extremely low levels. The mean concentration of 
this alpha activity in the ground-level air over the period has been 2 x 10-1” 
uc per cc compared with the occupational maximum permissible limit of 
2x 10—" uc per cc (International Commission on Radiological Protection) 
for breathing insoluble plutonium dust over an occupational lifetime. 


Measurements of deposition 


Measurements of the deposition of the activity have been carried out at 
Milford Haven and at Chilton, near Harwell, since 1951, and in New 
Zealand since February 1955. In the current system, rain-water falling on a 
12x10 ft. polythene roof is passed through a cylindrical esparto-grass filter 
and is collected in a tank. The beta activity of the dried filter is measured 
by mounting it co-axially over a calibrated cylindrical geiger-counter. Samples 
of the filtered rain-water are evaporated and counted on the same counting 
system, so that a correction can be made for the solubility of the radioactive 
material. This measurement is made only periodically, since experience has 
shown that the solubility of material from any particular bomb-series does 
not vary significantly with age, and it is possible to use a mean figure. 


The daily deposition records at ‘Chilton and Milford Haven are generally 
similar, although they occasionally differ markedly in detail. All daily deposits 
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of surface activity greater than 5 mc per sq. mile observed between February, 
1951, and December, 1955, have been arranged in groups, and the frequencies 
of occurrence of the various groups are given in Table 2M. 


TABLE 2M 


The range of values of all daily deposits of surface activity greater than 5 mc 
per sq. mile, observed at Chilton and Milford Haven between February, 
1951 and December, 1955 





Frequency of occurrence 
Range of values 
of deposited activity 
(me per sq. mile) Chilton Milford Haven 


S- 25 
26- 50 
51-100 

101-150 
151-200 
201-250 


| sea y's WES 
=| | aus 


The highest daily deposit at the sites was 190 mc per sq. mile at Chilton 
and 240 mc per sq. mile at Milford Haven; these occurred about the same 
time in heavy rain, some 5 days after the explosion of a weapon in Nevada 
in the autumn of 1951. The highest deposition in a single day from a thermo- 
nuclear weapon test was 25 mc per sq. mile at Chilton and 100 mc per sq. 
mile at Milford Haven. 


The dose from deposited radioactivity 


The gamma ray dose to human beings from each individual deposition of 
fission products has been calculated. Little difficulty has been experienced 
in dealing with the fission products from individual test series in which all 
the explosions take place within a period of a few weeks, or in interpreting 
the data when a series of nominal-bomb tests takes place in an atmosphere 
previously contaminated from thermonuclear tests; the difference in the 
time-scales of the deposition processes and in the decay-rates of the samples 
can be used to separate the components. The major difficulty arises when 
the stratosphere is contaminated with the fission products from thermonuclear 
tests widely separated in time. If, as we believe, the fine dust in the strato- 
sphere is deposited at a rate of only 10-20 per cent per year, then it can be 
shown that more than 90 per cent of the integrated dose per generation is 
due to the single isotope, caesium 137. 


The gamma ray dose from each individual deposition of fission products 
has been calculated, initially for the idealised case of an individual standing 
on an infinite flat plane. A protection factor of 3 has then been introduced 
to take account of the material which is washed into drains or is otherwise 
removed from the topmost layer of the earth’s surface ; this factor is believed 
to be conservative, since about one-half of the material already deposited 
has been found to be soluble in water. An additional factor of 7 has been 
allowed for the shielding provided by buildings* against the gamma rays from 
fission products ; this figure has been derived from measurements carried out 





* It is perhaps noteworthy that the reduction in dose from this cause is much less than the 
enhanced dose received from the gamma radiation from the natural radioactivity of the 
building materials (see Appendix J). 
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at the Atomic Energy Research Establishment with the gamma rays from 


cobalt 60, and is based on the assumption that the average individual spends 
24 hours daily out-of-doors. 


The individual doses have been summed, and the total external dose to be 
received by the average inhabitant of the United Kingdom due to material 
deposited on the ground from bombs exploded before 31st December, 1955, 
is estimated to be 1-7 mr. About 75 per cent of this dose is associated with 
material which has yet to be deposited ; the dose due to bomb dust suspended 
in the air near ground level is negligible by comparison. It has also been 
estimated that if the various types of weapon continue to be fired at the present 
rates for an indefinite period, the ultimate dose per individual] per generation 


of 30 years will be 26 mr; this level will be reached in approximately 100 
years. 


Very sensitive methods of measuring the radioactivity of the human body 
have been developed in recent years, and there has been some indication, on 
the records obtained in recent months, of the presence of a 0:6 MeV gamma 
ray, which is suspected to be due to the fission-product caesium 137 arising 
from the fall-out; it is not yet possible, however, to identify this radiation 
rigorously. The radiation has been observed qualitatively on body-monitoring 
records obtained at Harwell, and has been reported in some detail in progress 
reports from the Argonne National Laboratory in the United States. The 
highest body-activity detected so far in the United States is found to be 
4 x 10-*ue. This activity would, if maintained, produce a total-body 
irradiation of 0:6 millirad per year, or about 1/30 of the dose due to the 
naturally-occurring isotope potassium 40 in the body. The caesium activity in 
the body may be expected to fluctuate in step with the rate of fall-out, if 
the biological half-life is about 20 days as suggested by the International 
Commission on Radiological Protection, and if this activity in human bones 
arises from the direct contamination of herbage; in this respect the caesium 
differs markedly from the strontium 90, which is cumulative. From the 
quantities expected in the fall-out and from the chemical and metabolic 
properties of this isotope, the caesium 137 in the human body due to uptake 
from food and water is unlikely, on the basis of present information, 
materially to affect the dose, calculated above, from the fission products 
deposited on the ground. 


The accumulation in the human body of strontium 90 from fall-out 


The rate of deposition on the ground of strontium 90 in the fall-out has 
been measured by radiochemical analysis and, since the spring of 1954, has 
been found to be approximately 6 mc per sq. mile, per year. The total at 
31st December, 1955, was 11 mc per sq. mile. From the measurements of 
activity in the upper air, it is anticipated that the total from bombs already 
fired will rise in about 10 years to a maximum of approximately 45 mc per 
sq. mile. Should the various types of explosion continue at the present rates, 
the accumulated deposition is likely to rise to an equilibrium value of about 
500 mc per sq. mile in about 100 years’ time. 


Because of its similarity to calcium, strontium is found to follow this 
element in the human food-chain. Measurements have accordingly been made 
of the strontium 90 activity per g. of calcium in samples of vegetation and 
soil from a number of locations in the United Kingdom (Bryant and Cham- 
berlain, 1956). Using refined radiochemical techniques and anti-coincidence 
counting procedures, the activity per g. of calcium has also been measured 
in the bones of yearling sheep, in samples of milk, and in human bones. The 
representative figure for the strontium 90 activity of vegetation in the autumn 
of 1955 was about 35 uuc per g. of calcium. The corresponding representative 
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figure for sheep bones was 14 uuc per g. of calcium but in a few mountain 
pasture areas, values up to ten times higher have been recorded. 


The maximum activity found so far in the limited number of human bone- 
samples in the United Kingdom is 1:2 uue per g. of calcium in the skeletons 
of one-year-old children. Adult bones show lower activities, ranging from 
0:05 to 0:2 uuc per g. of calcium. These levels may be compared with the 
maximum permissible level for strontium 90 in the body for occupational 
workers, recommended by the International Commission on Radiological 
Protection, which corresponds to about 1,000 puc per g. of calcium. The 
average radiation dose to the bone from a level of 1 wue per g. of calcium 
would be about 3 millirem per year, and may be compared with the dose 
to the bone from the background level of radium in the average person in 
this country (10—!c), which is about 37 millirem per year, and from 
natural gamma radiation, which contributes about a further 80 millirem to 
the bone (see Appendix J). 
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APPENDIX N 


An Attempt to Estimate the Hazard from the Ingestion of Strontium 90 


During the last fifty years, information has been accumulating about the 
induction of cancer in man and various species of animals by ionizing radia- 
tion and radioactive substances. Much of the evidence is qualitative and we 
rie Hes very little reliable quantitative information on which to assess 
azards. | 


The main risk from the absorption of bone-seeking isotopes is the delayed 
production of changes in bone, sometimes followed by osteogenic sarcoma, 
as well as blood changes consequent upon effects in the bone marrow. 


The best human evidence is from the clinical investigation of patients 
to whom radium salts were administered for therapeutic purposes some 
twenty-five to thirty years ago, supplemented by earlier studies on industrial 
workers including those who ingested radioactive luminous paint. One 
of the most characteristic features of the production of malignant tumours 
of all kinds by ionizing radiations and radioactive materials is the very long 
latent period, often in the region of twenty years. 

From a consideration of all the available evidence, the maximum 
permissible level of radium permanently incorporated into the skeleton 
has been fixed by the International Commission on Radiological Protection 
for persons occupationally exposed as 01 microcurie. From a comparison 
of the toxic effects of strontium 90 as compared to radium in animal 
experiments, the corresponding maximum permissible level for strontium 90 
has been fixed at 1:0 microcurie. It must be appreciated that the biological 
effects of the radium and its breakdown products are probably largely due 
to alpha particles, whereas strontium 90 with its associated yttrium 90 
emits only beta radiation. These differences in the energies and nature of 
the radiations, as well as differences in the patterns of distribution of the 
radioactive materials in the bone itself, probably cause the differences in 
biological effects. Strontium behaves chemically very similarly to calcium 
in bone formation and it is therefore natural to associate the two elements. 
The maximum permissible level of strontium 90 in the human skeleton 
corresponds to 1,000 micro-microcuries of strontium 90 per gramme of 
calcium in the skeleton, and it is this concentration which determines the 
dose level. 

However, this maximum permissible level has been fixed for a group 
of adults educated in relation to the risks, under medical supervision, and 
working under carefully controlled conditions. 

It is well-known that growing bone takes up more of the bone-seeking 
isotopes such as strontium 90, and concentrates them in the rapidly growing 
portions of the bone. It is also well known that rapidly growing tissues, such 
as those of children, are often particularly radiosensitive. We must also 
conclude from the available evidence that the damage produced by radio- 
active materials in bone is an integrated effect over the whole time and dose 
of the radiation. Since the radioactive half-life of strontium 90 is long 
(28 years), any material incorporated during childhood has a longer time 
to act than material taken up in later life. The danger is a little mitigated 
by the fact that radioactive strontium may not be retained in bone for as 
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long as radium. The biologically effective half-life of strontium: 90 together 
with its daughter product yttrium 90 has been estimated by the International 
Commission on Radiological Protection as 2,700 days. 


_.Another factor which suggests caution is that it is well-known that the 
irradiation of tissues in inflammatory conditions is more likely to induce 
tumour formation than the irradiation of ‘normal tissues, and such con- 
ditions are more likely to occur in the whole population than in the specially 
selected occupational group. 


It is difficult to fix precisely the lowest level at which tumour formation 
and other effects have occurred, owing to the fact that in many instances the 
material ingested by the worker or patient has been an unknown mixture of 
mesothorium and radium, and this uncertainty complicates the estimation 
of dose since the rates of decay of these substances are very different (meso- 
thorium 6°7 years half-life and radium 1600 years). 


Examination of the results of ingestion of radium by humans makes it 
clear that in the fixing of the maximum permissible level there is no great 
safety factor involved. A suggestive destructive lesion (in the dentine of the 
teeth) has been observed in a patient who carried a body burden of approxi- 
mately 0°15 microcurie of ‘radium’ (probably a mixture of radium and 
mesothorium). Of 44 patients investigated by Looney ef al., 36 had body 
burdens of 0-4 microcurie or more; clinically recognisable, but not 
malignant, bone lesions were observed in 32 of these. The lowest level of 
pure radium producing a bone sarcoma in this series was 3°6 microcurie. 
Sarcomata were seen in five other patients included in this study, but these 
patients may well have ingested a mixture of radium and mesothorium. 
Among these five, the lowest level associated with the production of a 
tumour was 0°52 microcurie of ‘radium’ (mixture). 


If we assume, in accordance with the agreed international recommenda- 
tions, that 1 microcurie of strontium 90 carries the same risk as 0-1 micro- 
curie of radium, then with all these considerations in mind, it would be 
unwise to fix the maximum allowable concentration of radioactive strontium 
in the bones of the general population, with its proportion of young 
children, at more than one tenth of the level agreed for occupationally 
exposed persons. That is, the maximum allowable concentration should not 
be more than 100 micro-microcuries of strontium 90 per gramme of calcium. 


As we consider the possible effects which might be produced at lower 
dosage levels (that is, below one tenth of the maximum permissible level) 
our ignorance increases still further and we can only rely upon extrapola- 
tion from limited animal experience. It is still not possible to give a 
certain quantitative answer to the question of the relationship between dose 
and the frequency of bone changes, induction of tumours, and other effects 
of the radiation. At very low dose levels the incidence is so small in animals 
that the existence of a threshold below which no effect occurs has been 
postulated. 

It appears however that each unit quantity of radiostrontium absorbed 
by the bone confers a certain probability of bone-tumour formation, the 
tumour development time perhaps decreasing and the tumour incidence 
increasing with the dose. On the whole, the experiments seem in favour 
of a proportionality between the frequency of tumours produced in a given 
length of time and the amount of radioactive material in the body even 
at low dose levels. 


If we again assume, in accordance with the agreed international recom- 
mendations, that one microcurie of strontium 90 carries the same risk as 
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0-1 microcurie of radium, and attempt in this way to estimate the effects 
at one-hundredth of the maximum permissible level, we provisionally con- 
clude that the effects are unlikely to be detectable. Nevertheless, if the 
concentration in human bones showed signs of rising greatly beyond one- 
hundredth of that corresponding to the maximum permissible occupational 
level it would indicate the need for immediate consideration of the problem. 
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ATOMIC SCIENTISTS ASSOCIATION 


Limited by guarantee 
STATEMENT ON STRONTIUM HAZARDS 


In view of the widespread concern about radiation hazards, the Council of the 
Atomie Scientists’ Association decided to appoint a committee to study the whole 
problem, and to follow up the implications of last year’s report of the Medical 
Research Council in the light of more recent information. There is particular 
concern at the present time about the effect of the radioactive strontium 
produced in H-bomb tests. The Council has, therefore, requested the committee 
to prepare a public statement giving its current assessment of this hazard. 

The report of this committee (whose membership is given below) is as follows: 

When an H-bomb is exploded at a high altitude, and in an area in which there 
are no inhabitants—as is said to be the case with the forthcoming British tests— 
there is very little likelihood of immediate injury to people, or of substantial 
local contamination of the oceans, even if a large amount of radioactivity is 
produced in the explosion. This radioactivity would be taken up into the upper 
regions of the atmosphere from where it would spread all over the globe and 
gradually descend to the ground over a period of some years. By that time 
only the long-lived radioactive products of the bomb would remain, and it is with 
the possible effects of these that we are concerned. 

If H-bomb tests continue at the present rate, the dose of radiation to the 
reproductive organs, which may cause damage to future generations, has been 
estimated in the M. R. C. report to be of the order of 1% of that resulting from 
the natural level of radiations. Of greater import, however, is the damage 
which may result to the present generation, mainly from one radioactive sub- 
stance—strontium-90. This substance enters into our food, chiefly in vegetables 
and dairy products, and it accumulates in the human body in the bones where 
it remains for a long time. Depending on the assumptions made about the 
distribution of strontium in bone, we calculate (see appendix) that by the year 
1970 the radiation dose to bone from all the tests carried out up to the autumn of 
1956 will range from 9% to 45% of the dose received from all natural sources, 
including the radium which is normally present in bone. 

It is known that radioactive substances concentrated in the bone may give 
rise to bone cancers and other damage, and that the irradiation of bone marrow 
may result in leukemia, a type of cancer of the blood. The induction of bone 
cancers by the action of strontium-90 in the bone has been demonstrated in 
animals; in human beings the same effect has been observed with radium, 
which in some ways behaves like strontium. In all these cases, however, 
the amounts of radioactivity present in the bone were far greater than 
those that are likely to accrue from H-bomb tests. The question then arises 
how to apply these findings to vey small doses. There is here a fundamental 
difficulty, in that the relationship between the damage produced and the amount 
of radiation is not known. If this relationship is such that there exists a 
threshold dose below which cancer cannot be induced, then it can reasonably 
be inferred that the small amount of strontium-90 which will accumulate in bone 
from the current H-bomb tests would not result in any harm. If, however, the 
number of additional bone tumours resulting from radiation is directly propor- 
tional to the dose, then even a very small dose will give rise to a small but 
definite probability of bone cancer. This means that in a very large population 
a certain number of people would contract this disease as the result of their 
having a small amount of strontium-90 in their bones. 

The evidence is as yet inconclusive. Some animal experiments have been inter- 
preted as indicating the existence of a threshold dose. On the other hand, in man, 
the occurrence of leukaemia caused by radiation suggests a simple proportional 
relationship. Unfortunately the question cannot be settled by experiment in a 
short period of time, nor is there strong guidance from theory. There is one 
theory of the origin of cancer (that it is due to somatic point mutation) which 
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implies a proportional relationship. Where the effects of strontium-90 are con- 
cerned the authorities in the M. R. C. report appear to be inclined towards the 
proportional hypothesis, for they state “On the whole the experiments seem in 
favour of a proportionality between the frequency of tumours produced in a given 
length of time and the amount of radioactive material in the body even at low 
dose levels.” 

If the proportional relationship is accepted, it is then possible to make a rough 
estimate of the number of bone cancers which may result from a given H-bomb 
test. The calculations given in the appendix show that an H-bomb of the type 
tested at Bikini in 1954, if exploded high in the atmosphere, may eventually 
produce bone cancers in 1,000 people for every million tons of T. N. T. of equivalent 
explosive power. (It has been stated that bombs hitherto exploded were 
equivalent, in aggregate, to 50 million tons, insofar as their strontium-90 fall-out 
is concerned.) These thousand casualties would be spread all over the world and 
occur in the course of several decades. A somewhat larger number of people 
might suffer other bone changes, possibly without manifesting any clinical symp- 
toms. There is also the probability of a number of cases of leukaemia resulting, 
but we have not enough data to estimate this number. At the same time it should 
be pointed out that these casualties, although large in absolute number, represent 
only a fraction of those due to the natural level of radioactivity ; there would 
be no way of distinguishing one from the other. 

If other types of nuclear weapons were exploded, the number of casualties 
would vary in direct relation to the amount of fission products released into the 
upper atmosphere. 

In giving these estimates it must be emphasized again that, apart from the 
considerable margin of error due to lack of adequate data, they are based on 
the as yet unproved hypothesis of a proportional relationship applying to very 
small doses. From this point of view they represent the most pessimistic ap- 
proach. On the other hand, if this hypothesis is correct, then the figures may 
be an underestimate of the damage since they do not allow for the radiation dose 
in children before or after birth. Children are known to take up much larger 
quantities of strontium than adults and the likelihood of producing radiation 
damage in them is probably much greater for the same amount of radiation. 
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APPENDIX 


Estimate of strontium-90 hazard based on an assumed linear relationship between 
bone tumour formation and dose 


1. The measurements of the “*Sr content in human bone in this country, 
carried out by workers of the U. K. A. E. A.’ show that by the beginning of 1956 
the average amount in all age groups from 10 years upwards, was about 0.2 8. U. 
(1 S. U.=10-” curies of “Sr per gramme of calcium). 

2. If this figure is applied to the data of the world survey of strontium-90 
made by the Lamont group,’ we conclude that the "Sr concentration resulting 
from all the tests carried out up to the autumn of 1956 will in 1970 amount to 
about 4 8. U. This value is in agreement with the estimate of 4-10 S. U. made 
by Libby * for the U.S. A. 


ieee J. Bryant, A. C. Chamberlain, A. Morgan, G. S. Spicer. A. E. R. E. HP/R 2056, 
er. 1: Kulp, W. R. Eckelmann, A. R. Schulert. Science, 125, 219, 1957. 
3 W. F. Libby. Proc. Nat. Acad. Sci., 42, 945, 1956. 
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38. The total fission yield from the tests carried out up to the autumn of 1956 
is estimated’ to be equivalent to 50 megatons. For one nominal high-yield 
weapon (as defined in the Indian Government’s document: * 20 megatons with 
high fission yield) exploded high in the atmosphere, one may therefore expect a 
concentration in bone of 1.68. U. 

4. From Hasterlik’s survey ° of bone sarcoma in people with a radium burden, 
we estimate that 0.1 microcurie of radium yields about 0.5% probability of bone 
sarcoma. (A factor of 2 has been .allowed for the possible admixture of 
mesotherium with the radium.) 

5. Since 0.1 microcurie of radium is accepted * to be equivalent to 1,000 S. U., 
applying this probability value to the population of the whole world (2.510? 
people) we obtain that the number of bone sarcomas from one nominal high- 
yield nuclear test may amount to 20,000 all over the world (2.5x10°X0.5 xX 
10° x 1.610-*). 

6. The radium normally contained in the body and the external radiation from 
natural sources deliver to the bone a dose equivalent to 45 S. U., or 9 8S. U. if one 
allows for the non-uniform cohcenaration of strontium in bone (Spiers’). This 
means that the dose rate from strontium in bone will amount to 4/45 or 1/9 of 
that due to the natural background. 


[British Journal of Radiology, v. 29, August 1956: 409-417] 
RADIOACTIVITY IN MAN AND HIS ENVIRONMENT 


Presidential address’ by F. W. Spiers, D. Se., Department of Medical Physics, 
The University of Leeds 

A tradition, upheld almost without exception in the long history of the Rontgen 
Society and the British Institute of Radiology, is the delivery of an address to 
the Institute by the President during his term of office. 

I am very conscious of the honour that falls to me to address you as President 
and very much aware of the responsibility of following my distinguished pred- 
ecessors in the fulfilment of this obligation. In recent years, by a change of 
Articles of Association, the Institute has re-emphasised a characteristic that has 
always been implied by the nature of its membership—a wide interest in all that 
pertains to the science of radiation and radioactivity. Many presidential 
addresses given in this house bear witness to the activities and interest which 
spring from the Institute’s constitution and to the bonds of cooperation and of 
Service to radiology which exist between its medical and non-medical members. 

It seemed appropriate, therefore, that I should speak on this occasion about 
radioactivity in man and his environment and give thereby a practical example 
of the width of interests encompassed by the Institute. Moreover, the subject 
I have chosen is of interest and importance to all who use ionizing radiation 
and is one which, although having significance in the problems of today, has 
also the historic interest of belonging to the scientific discoveries of the early 
years of this century. 

The experiments of Elster and Geitel and of C. T. R. Wilson in the year 1900 
first revealed the presence of a residual ionization in an electroscope and sub- 
sequent work by many investigators in the next few years showed that this 
ionization arose from radioactivity in the materials of which the electroscope 
was made, from terrestrial sources outside the electroscope and from penetrating 
radiation of cosmic origin. It was soon established that traces of the known 
radioactive elements were widely dispersed throughout the lithosphere and 
that few raw substances or even few metals were free of radioactivity in trace 
amounts. Man, it appeared, lived in a radioactive world and eventually it was 
to be found that, like his surroundings, man himself was also radioactive. It is 
certain that man has been exposed to ionizing radiations throughout his occu- 
pancy of this planet and it seems at least likely that in geologically recent times, 
no very great changes have occurred in the radiation intensity of his environment. 


4 Nuclear Explosions, Government of India, 1956. 

5R. J. Hasterlik. Geneva Conference, Vol. II, p. 149. 

® Recommendations of Int. Comm. Rad. Protect. B. J. R. Suppl. No. 6, 1955. 
7K. W. Spiers. Brit. J. Radiol., 29, 409, 1956. 

1 Delivered at the British Institute of Radiology on May 24, 1956. 
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During this century, however, the situation has undoubtedly changed, for man 
now produces ionizing radiations and artificial radioactivities in abundance and 
turns them to his own great technical advantage. It is possible, perhaps likely, 
that the increase now taking place in man’s radiation background will be greater 
than the other possible changes which have so far occurred, when for example 
ancestral man left his arboreal home for the cave, or later even, the Englishman 
entered his castle! It would seem fitting to put on record in this Institute an 
estimate of man’s natural radiation dose, a quantity which members, by their 
professional activities, are bound in some measure to augment. 

The radiation dose received naturally by tissues of the human body arises in 
two days: from external sources which include terrestrial radioactivity and 
cosmic rays, and from internal radioactivity acquired by the body from air, food, 
and water. The biological significance of this background radiation dose is 
properly a consideration for the biologist, but any physical analysis should be 
oriented to give the data required for a biological assessment. Because the 
background dose is in any case small compared with doses known to cause imme- 
diate somatic change, long-term genetic and carcinogenic actions may be presumed 
to be the likely considerations. The radioactivity data will be used, therefore, 
to derive the dose to human gonads, and the dose to osteocytes in bone. The 
dose to soft tissues in the body will not differ greatlyy from that of the gonads, 
with the exception of lung tissue where recent work by Hultqvist (1956) will be 
used to indicate the possible lung dose from the inhalation of radon, thoron, and 
their decay products. Because « rays and Bf rays are so easily absorbed, even by 
the elements of low atomic number comprising soft tissues, the dose to the gonads 
from external sources may be considered to be due entirely to cosmic rays and 
y rays. The dose from internally acquired radioactivity, however, arises 
to a large extent from 8 rays and, when present, from a rays. 


RADIOACTIVITY IN MAN’S ENVIRONMENT 


1. Surface rocks and oceans 


The radio-elements which contribute significantly to the terrestrial y radia- 
tion are the members of the U and Th: series together with the naturally 
occurring radioactive isotope of potassium, “K. The actinium series, “Rb, “Sm, 
4C and a number of radioactive isotopes, found in recent years to occur nat- 
urally, do not contribute significantly to the y-ray background, either because 
of the character of their energy emission, or because they are insufficiently 
abundant. The radioactive constituents, of some rocks listed in Table I show 
that for an “average” granite the y-ray emission is contributed in roughly 
Similar degree by the elements of the uranium and thorium series and by po- 
tassium 40. Sedimentary rocks are considerably less radioactive than granite 
with limestone least of those listed. The alum shale is given as an example 
of an exceptionally high rock radioactivity in Sweden, its excess activity being 
due entirely to its very high uranium content. Sea water has a low content 
both of uranium and potassium and furthermore exhibits a very low y-ray 
equivalent radioactivity because, in deep water, the thorium isotopes, including 
ionium (*°Th), the precursor of “Ra, are almost completely removed by sedi- 
mentation following adsorption on ferric and manganic hydroxide while the 
uranium remains largely in solution (Rankama, 1954). The equivalent radium 
content of sea water is about 100 times lower, and river water some 10,000 times 
lower, than that of sedimentary rocks. 
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TABLE I.—Radioactivity in rocks and water * 


y-ray equivalent g Ra 





Radio-elements per gX<10 2 
Material per g 
Components Total 

Granite (averdge)i tele) et eae tule ehh Sey UU: 4ug 1-44 6-1 

Th: 13 wg OYeoKis eb. te LO 

K: 30mg AFL naoen saat canngete gee ie 
(yraniie (Apa) ts. ait LS Ek SRD AAS S Oke A eee FR SUE 2 12-4 
UG RD GR LIT AN gO Ca ais e's Dae My et TP aan Si for aha a pee See shared AN els belay faye CY 4-4 
panmustone Gy of kshire)iii 2i LB NOS GE 2S BaF OS Ta Sea a A he Jee) ee 2-0 
Jibei! hu Shaye styakans Sep pnts Diva ae 8 alegd Satoh iba Nae lied sl PEM ily jc ngs LN thee 8 8 soy WO ey lela eld. | 1-4 
vole 6 co ees Ree ee SESS ORE ee ee We ee eee OR a ee ee eee 5 
Me See (SS WECM seo ace phe oes cee oe U: 170 ug 60 63 

Th 1:5 wg URES a hee a ed 

K 35 mg PASS! ae 
DEANWabehee. coset Une eo et Fe LER U: 1-3X10-%¢ 7X10-5 2-8X10-2 

K: 0-35 mg 2 bl Tia) ea oe 
DR OR Cee ARR ee aie ea oe lll Cone Nous oe | Se ~10-4 


1 Data mainly from Libby (1955) and Hultqvist (1956). 


TABLE II.—Radioactivity in air’ 


Situation Radon con- |} Thoron con- 
tent 10 3c/1 | tent 10 18e/1 
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1 Data mainly from Hultqvist (1956). 


2. Air 


The radon and thoron contents of air (Table II) depend on the escape of these 
gases from the ground and on the prevailing atmospheric conditions; stagnant 
and dusty air will retain the gases and their decay products, wind and rain 
will clear the air of radioactivity. The low value over oceans reflects the low 
concentration of the parent elements radium and thorium in sea water. 

The value of 3X10“ c/1 is often taken as representative of the radon content 
of air although values ten times higher have been reported by Anderson, 
Mayncord and Turner (1954) on some days in central London. The radon and 
thoron levels in houses depend very much on ventilation as well as on the 
building materials used. 


3. Drinking water and foods 


Table III lists values of the radium content in some drinking waters and foods 
according to some recent measurements by Hursh (1956) and Muth (1956). The 
radioactivity of tap water depends to a considerable extent on the purifying 
processes, being reduced by large factors where precipitation methods are used. 
High radioactivity is found in mineral waters and can occur in rural areas where 
water is taken from wells. Some values for the radium content of foods are given 
although no large survey of foods has so far been undertaken. 
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RADIOACTIVITY OF THE HUMAN BODY 


Only in comparatively recent years has attention been given to the determina- 
tion of the natural radioactivity of the body. Values of the total body radium 
content as high as 7.5 to 14x10° g Ra, reported by Rajewsky (1941) and by 
Krebs (1942), have not been found in modern measurements of radium in crema- 
tion ashes. The recently obtained values given in Tables IV, varying from 0.05 
to 0.3210 ° g Ra, show reasonable agreement between measurements made by 
different methods in different parts of the world. There is only a slight correla- 
tion of radium content and drinking-water activity and it seems likely that, as 
the data in Table III suggest, the major route for radium intake is through the 
radium content of food. The radium contents of soft tissues have been reported 
so far only by Muth (1956) and are included only tentatively, in order to assess 
the significance of the figure for the testis in a later calculation of the gonad dose. 


TaBLE III.—Radioactivity in water and foods ! 
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1 Data from Hursh (1956) and Muth (1956). 


TABLE 1V.—Radioactivity of the body * 
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1 Data mainly from Hursh (1956) and Muth (1956). 


The highest radioactivity in the body expressed as curies is that due to “C, 
the amount in Table IV being calculated from the measured specific activity 
of carbon of biological origin, given by Anderson and Libby (1951) as 15.3 dis 
ming C. The f-ray energy of “C is so low (54 ke V), however, that the dose 
rate to body tissues from “C is almost negligible compared with that from pot- 
assium and radium. 

The potassium content of the body is now reasonably well established, at about 
0.2 percent of body weight, by measurements of body y-ray emission by Sievert 
(1955), Burch and Spiers (1953), and Rundo (1955). Males show higher values 
than females but the differences are related to the fat content of the body which 
contains no potassium. Anderson (1956) has shown that y-ray measurements 
of total body potassium correlate well with lean body mass, as determined by 
measurements of body water by the tritium method. 
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THE EXTERNAL RADIATION BACKGROUND 


1. Local y-radiation 


In most circumstances the local rock radioactivity is responsible for the major 
part of the external radiation background. Calculattons of the dose-rate over 
different types of rock have been made by Libby (1955) and by Hultqvist (1956) 
and estimates, based on formulae given by the latter, are shown in Table V for the 
surface radioactivities listed in Table I. The dose-rates are of the same order 
as those given by Libby and accord with such direct observations as have so far 
been made. 

The dose-rates inside houses and buildings are greater than the corresponding 
open-air values because the building materials are disposed to give a nearly 
isotropic irradiation. Some measurements reported by Sievert and Hultqvist 
(1952) and by Hultqvist (1956) in open-air and in houses in Sweden are sum- 
marized in Table VI, where the original values in ions per second have been 
corrected for the cosmic ray component and then converted to dose-rates in 
mrad/year. The values given are the means of observations in some 1500 
apartments and houses; in each class of building dose-rates were found, excep- 
tionally, up to twice the mean. Measurements made recently in Leeds and Aber- 
deen (Spiers and Griffith, 1956) are given in Table VII where the observa- 
tions fall into two groups, those in granite buildings in Aberdeen and those in 
brick or concrete buildings in both cities. The dose-rates are lower than those 
reported by Sievert and Hultqvist but, with the exception of the Swedish alum- 
shale buildings, the difference for brick dwellings in the two countries are not 
very great. Open-air dose-rates in Leeds and over clay and in wooden houses in 
Sweden are about the same and only about half the dose-rates in brick dwellings. 


TABLE V.—Calculated dose-rates over flat ground 
Local y-ray dose- 
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TABLE V1.—Measured dose-rates in Swedish houses 


y-ray dose-rate at 
room centre 


Building material (mrad/year) 
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2. Cosmic radiation 


The dose-rate given by Libby (1955) for cosmic radiation is 35 mrad/year and 
appears to be based on an icnization intensity at sea level of approximately 2.5 
ion pairs/c.c/sec. Recent work by Burch (1954) on the interpretation of 
high-pressure ionization chamber measurements supports the analysis given by 
Clay and his colleagues (1935) and leads to a lower value of the cosmic radiation 
ionization. The mean of three values given by these workers, corrected to ioniza- 
tion in free air, is 1.92 ions/c.c./seec. which converts to a dose-rate of 28 mrad/ 
year at sea level and geomagnetic latitudes above 41° N. 

This dose-rate applies to all bodily tissues. It may, however, be some 20 
percent less in the basements of tall buildings which absorb the soft cosmic ray 
component and it will increase rapidly with altitude. At 10,000 and 15,000 feet 
the cosmic ray ionization is known to increase to about three and six times the 
sea-level rate; but because cosmic radiation is responsible for only a fraction of 
the total background dose-rate, the total tissue dose-rates are increased only by 
factors of the order of 1.6 and 2.3 respectively. 
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It is possible that greater significance attaches to the increase in the heavy 
particle component of cosmic radiation with altitude, thereby changing the rela- 
tive biological efficiency (R. B. E.) of the radiation for some biological actions. 
Some mutations, for example, are reported as being less effectively produced by 
heavily ionizing particles than by X-rays; on the other hand, in a few cases the 
R. B. BE. for heavy particles has been reported to be in the region of 5. At sea 
level, however, the contribution to the total ionization by slow particles and the 
effect of an associated increase in R. B. E. for this component would appear to be 
unimportant, 


TABLE VII.—Measured dose-rates from local radioactivity 











Type of building Location Local y-ray 
dose-rate ! 
: mrad/year 
VAL OTe tee ota eee (ayA Derdeen—laboratory.302 78. 2222S rae ul. ooo 107 
(b) Aberdeen—in bell tower-_.--.-----..------------------- 99 
(c) Aberdeen—entrance hall_-.._..------------------------ 101 
2. Brick or concrete--_--__------- (a) Aberdeen, rooms on various floors. -_-.--.------------- 73 
(b) Leeds, room in hospital building ----.-.-.------------- 81 
(c) Leeds, single storey laboratory - ----------------------- 80 
(d) Leeds, various rooms in house..-----------+----------- 77 
B, WURGrGI DOT SEA fo ee a oe Leeds, in garden of house 2(d)_..-------------------------- 48 





1 Mean values given for centres of rooms and at 1 m above floor. 


3. Atmospheric radioactivity 


Radiation from the decay products of radon in the air can add to the external 
y-ray dose, although the effect may be expected to be small and very dependent 
upon atmospheric conditions which determine the degree of radioactive equil- 
ibrium. Peirson and Franklin (1951) have calculated that at ground level an 
atmospheric radon content of 3107 c/1 produces a y-ray flux of the order of 
10 quanta/cm?/min. Taking a mean energy for Ra B and C y rays, the tissue 
dose rate for this flux is 2.2 mrad/year. The formula used by Hultqvist (1956), 
which includes a factor for scattered quanta, gives a dose-rate, for the same 
radon level, of approximately 4 mrad/year and this figure will be used in subse- 
quent calculations. Under most conditions this contribution to the background 
dose-rate is trivial but for the higher levels of atmospheric radon given in Table 
II (or for the higest value, 2 to 3X10 c/l., reported by Anderson, Mayneord 
and Turner, 1954, for London air), the y-ray dose could be of the same order as 
that due to cosmis rays. . 

Calculations of dose-rates due to thoron in air lead to values of the same order 
of magnitude as those for similar levels of radon activity. The dose-rates for the 
thoron levels given in Table II are from 0.6 to 2 mrad/year. Apart from Hultq- 
vist’s data for Swedish houses, however, no information is available on the gen- 
eral level of thoron in air and no allowance for thoron has been included in the 
subsequent tabulation of dose-rates. 


THE INTERNAL RADIATION BACKGROUND 
1. Potassium 


The potassium content of the body provides the chief source of internal radia- 
tion to soft tissues. Taking the average tissue content of potassium to be 0.2 
per cent and using Sawyer and Wiedenbeck’s (1950) constants for the radio- 
activity of ““K as 28.3 8 particles per second per g K of mean energy 0.605 MeV 
and 3.6 y quanta per second per g K of energy 1.46 MeV, the tissue dose can be 
calculated to be: 


Tissue dose rate due to K=18 (8)+2 (y)=20 mrad/year. 


Because the mean range of the # particles of “ K is only some 2 mm in tissue 
the dose-rate in a given organ is determined mainly by its own potassium content. 
With regard to the gonad dose, flamephotometer measurements on testes and 
ovaries taken from two post-mortem examinations gave a mean potassium con- 
tent of 0.20+0.02 per cent. Although observations have been made so far on 
only four specimens, the results suggest that the mean content assumed in the 
““K calculation is sufficiently representative of gonad tissue. 
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2. Carbon 14 


The specific activity of “C in carbon of biological origin is 15.3 B particles/ 
min/g C (Anderson and Libby, 1951) with a mean #-ray energy of 0.15 MeV. 
‘Taking the carbon content of tissue as 18 per cent, the energy deposition due to 
™ C amounts to a tissue dose-rate of only 1 mrad/year. 


38. Radon and its disintegration products in air 

An estimation of tissue dose arising from the inhalation of air containing 
radon can be made if, in the absence of complete information on all the factors 
concerned, some simplifying assumptions are made. The concentration of radon 
in the atmosphere is regarded as uniform and it is assumed that the break- 
down products (RaA, RaB, RaC and RaC’) are in equilibrium with the radon 
and are uniformly suspended in the air, a condition holding probably only in 
still air. The calculation is then made in two parts: (1) for a steady level of 
radon (plus disintegration products) in body tissues via the blood in contact 
with the radon in alveolar air, and (2) for a steady intake into the lungs of the 
disintegration products formed in the external air. 

The solubility of radon in water at 87° C. is 0.17 and in fat the figure is about 
five times higher. If the concentration of pure radon in alveolar air is R, the con- 
centration of radon in the 50 kg of aqueous tissue will be 0.17R and that in the 10 
kg of fatty tissue will be 0.85 R, giving a mean for the whole soft tissues of 0.27 
R. This level of radon in the tissues is maintained and hence it will maintain its 
disintegration products in equilibrium with it. Taking the effective disintegra- 
tion energy of the series Rn RaA ...RaC’ as MeV and assuming an atmospheric 
radon content of 3x10—}3 ¢/1, the energy deposition per gram of tissue corresponds 
to a dose rate of only 0.03 mrad/year, mainly from o radiation. Using an 
R.B.E. of 10, to enable o-ray dose-rate to be added to the 8 and y-ray dose-rates 
already caleulated, the mean tissue dose-rate for the dissolved radon is 0.3 
mrad/year. 

If the disintegration products are present in equilibrium with the radon con- 
tent of the air, these are also swept into the lungs by the inspired air and, where 
they are deposited, build up an equilibrium level which is determined by the 
inspiration rate. Following the recommendations of the International Commis- 
sion on Radiological Protection, the distribution of the inhaled products will be 
taken to be: 25 per cent exhaled, 50 per cent retained in the upper respiratory 
passages and subsequently swallowed and 25 per cent deposited in the lungs. 
Because of the short half-lives of the decay products RaA ... RaC’ and their 
low transference from the gut to the bloodstream, the fraction of the products 
swallowed will contribute little to general body dosage. This fraction, however, 
would irradiate the areas in the upper respiratory tract where the deposition was 
initially localised. In the case of soluble compounds, all the fraction deposited 
in the lungs would be taken up by body fluids; in other cases perhaps half the 
lung deposition would be generally disseminated. It would probably be safe 
to assume that some 20 per cent of the inhaled disintegration products could 
give rise to the irradiation of the general body tissues.’ 

For the atmospheric radon content assumed and an inhalation rate of 20 m*/day 
the dose-rate to soft tissues from inhaled decay products is 0.16 mrad/year or 1.6 
mrem/year. The total dose-rate to the general soft tissues of the body from in- 
halation of air containing 3x 10-—* c/1, of radon and disintegration products might 
amount, therefore, to about 2 mrem/year, a quantity which remains small com- 
pared with other dose-rates, but one which might become significant under con- 
ditions of high atmospheric radioactivity. 


2It can be shown that for an influx of K c/sec. of the disintegration products RaA ... 
RaC’, the energy dissipated per second at equilibrium will be: 


2(E)=3-7X 10°K{ Fa(5+)+ Ba( +5.) + 
1 1 1 1 1 1 1 
Be( = + +5-)+ Bol ++ $55 } 


MeV/sec where E and } are respectively the particle energy in MeV and the transformation 
constant in sec. -4, 
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TOTAL DOSE-RATE TO GONADS 


In summarising the total gonad dose from all sources it is necessary to allow 
for the shielding of the gonads by overlying body tissues. The shielding factors, 
which reduce the dose from the local y radiation, have been determined by using 
a water-filled tin model in which measurements of the normal background in- 
tensity could be made at the sites of the ovary and testis. The screeing factors 
were derived from the measurements after appropriate corrections had been 
made to allow for the cosmic-ray contribution to the instrument response. In 
the female, the loyal y radiation was found to be reduced by factors of 0.52 to 
0.59 depending on:the position adopted by the model. In the male the screening 
factors varied from 0.67 to 0.72 and a mean factor of 0.63 was derived as the 
average for both sexes. This factor, which is unlikely to be in error by as much 
as + 10 per cent is applied to all estimations of gonad dose from local y radiation. 

Table VIII summarises the dose-rates which may be regarded as typical for 
regions of this country, and possibly elsewhere, where the local rock radioactivity 
is not specially high and the buildings are of brick or concrete not incorporating 
highly radioactive materials. An arbitrary division of the day has been made by 
assuming six hours of the 24 to be spent out-of-doors.’ Possible small additions 
to the total dose-rate would be not more than 2-3 mrem/year for thoron in air 
and 1 mrem/year for the radium content of the testis suggested by Muth’s (1956) 
data. 

Table IX illustrates the range of dose-rates deduced for various situations in 
this country and in Sweden. Greater differences between localities could be 
obtained by taking the extreme values observed in some of the Swedish and other 
sites, but as far as possible an attempt has been made to assess the conditions af- 
fecting large numbers of people. Thus because even agricultural workers spend 
some eight hours in a brick house their radiation dose is not very different from 
that calculated for a town dweller in the same geological area. The body shield- 
ing factor considerably reduces the differences otherwise apparent in situations 
of differing local radioactivity. 


TABLE VIII 
Radiation source Dose to gonads 
External irradiation Der year 
Cosmic'rays (sea’level) 2022 UML (SU SULA Deol are” “USe oy peu Ue 28 mrad 
Local y rays (Leeds, 78 mrad year indoors, 48 mrad/yeat out-of- 

DOCH 22) LO” DOPED SBE AT URUOOLG OS UL JES, GUE OTe oe 45 
Radon! in ait) 3-16. ic/] Fsra0n “Vite Set 9098 SOP Teo 4 1 
Internal irradiation 
Potassium: 40. dient mee oe oe RCE, ate ale asl £ eS ee 20 
Carbon! Mts 6 2 See cn tee A Ae eee eee er 4 UL a 1 
Radom, dis,, products, 3610)? C/line bo cme Ce to tu egebe Ae 2 
Total dose per Years i. jurgiie 2oseeees ee Ln ah 97 mrad ! 
Dose:to:82e, SO: Vearsie, ats ik tre Bom ae Staal Dea 2-91 rad } 


1 Includes allowance for the R. B. E. of the a radiation, where present, and therefore also expresses the 
gonad dose in rem. 


TABLE IX.—Gonad doses 


Location and buildings Dose rate 
Leeds, brick:- mrad/year 

(1) outdoor workers 2s Ue 2 ey eo 2 2S eae ee ee ee 90 

(2) inddor' Workers ee ee ee ee Lt aed ca na <n tr.< oe 97 
Aberdeen pigranhitdu ment ile 942 > $4axd “SS _ wie oh 303.5 ant agen Sek as 113 
Stockholm: 

61S WOO Fee clk wcaeen teks cee nas Be ee ee eee '89 

(2). lori eke ooferlkiwe DOVE oo 5 87 OB oh Vivi ee BD sien ene es 114 

(3), concrete ccd Ae ote A ng peneet 29 ae a ae Rome? 2am Sy 146 
At 15,000 ft. on granite: 

(4) erent <r ney a ee ee er Pee ee eee ee 244 

(2) _ ve oi abet tect Sot Seah on Lee ene oe Dre. le ida. Ota eate 328 


3The assumed time out-of-doors, which is used illustratively, is probably above average 
for city dwellers. 
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The last two entries illustrate the overall effect of the sixfold increase in 
cosmic-ray ionization at an altitude of 15,000 feet in a situation where the 
rock is granite, as for example in the Andes. Two granites have been chosen 
(as in Table I) and the resulting dose-rates are respectively 2:2 and 1°7 times 
the corresponding values over the same rock at sea level. 


DOSE TO LUNGS 


In addition to dosage from external sources of radiation and from “K, 
lung tissues will receive further irradiation from inhaled particulate matter 
carrying the decay products of radon and thorium. Some of this radioactivity 
will lodge in the upper respiratory tract and be removed in perhaps a matter 
of hours by ciliary action. In this time, however, irradiation will have occurred 
from the short-lived radon product RaA. Radioactivity on the finer dust particles 
(<1,) will enter more deeply into the lung tissues via the alveoli and, unless 
rapidly dissolved, will produce a general irradiation of the lung tissues. 

Chamberlain and Dyson (1955) and Shapiro and Bale (1953) have considered 
the problem of dose to the trachea and bronchi and have come to approxi- 
mately the same conclusion as to the order of magnitude of the dose produced 
by a given atmospheric radon content. Chamberlain and Dyson have shown 
that for a radon concentration in air of 3X10-* c/1., bronchial tissues to a depth 
of 45 uw (the range of the RaA a particles) receive an average dose-rate of 
220 mrem/year. The total dose-rate from all sources would then be of the 
order of 315 mrem/year. The total dose-rate from all sources would then be 
of the order of 315 mrem/year to the superficial bronchial tissues, a rate about 
three times that calculated for the general soft tissues of the body. 

If it is assumed that the 25 per cent of decay products reaching the alveoli are 
insoluble and remain in the lungs, calculations similar to those given in an 
earlier section show that the average lung dose would be about 160 mrem/year 
for an air activity of 3x10“ c/l. A very comprehensive analysis of problem 
of lung dosage from both radon and thoron decay products has been given 
by Hultqvist (1956). The dose-rate to lung tissue due to a radon concentration 
of 3x10 c/l: can be deduced from Hultqvist’s results as 150 mrem/year. 
The thoron concentrations given by Hultqvist (see Table II) are about ten 
times lower than the radon levels and, assuming a thoron concentration of 
3X10 c/l., the resulting lung dose according to Hultqvist could be about 200 
mrem/year. The total lung dose from all sources would then be about 245 
mrem/year if the radon only is included and 445 mrem/year including radon and 
thoron. A high ventilation rate (3:5 changes of the air per hour) reduces the 
radon and thoron doses by a factor of nearly 4, in which case the lung dose 
from all sources would be reduced from 445 to 190 mrem/year. It appears, 
therefore, that the dose-rate to lung tissue may be from two to four times 
that received by, other body tissues when the radon and thoron concentrations 
in air are respectively 3X10™ c/l. and 3X10™ c/. 


DOSAGE IN BONE 


The bone tissues likely to receive the highest dose from natural sources are 
the osteocytes lying in regions of bone which incorporate radium. An average 
dose to an osteocyte of a given size can be deduced from the radium content 
of the body on the assumption of uniform radium deposition. In those cases 
of radium poisoning which have been studied by autoradiography (especially 
by a-particle track photographs) the radium occurs in localised areas where 
the dose-rate has been shown to be as much as 10 to 20 times the average. 
Nevertheless, the calculation of an average dose-rate will be a satisfactory 
measure of the general background irradiation of bone and will serve as a 
means of assessing the significance of the ingestion of bone-seeking radioactive 
isotopes. 

The dose-rate to osteocytes from sources external to the bone will be practically 
the same as in the calculations for soft tissues, but the potassium contribution 
to the dose-rate will be less because its concentration in bone is about four 
times less than in muscle. The resulting dose-rate from sources other than 
radium can them be put at about 82 mrem/year (Table X). 
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TABLE X.—Background dose-rates to bone 


Dose rates to osteocytes in 


‘ mrem/year 
Conditions Radium in ali 
skeleton 
Radium External Total 
sources 
Not specially radioactive region Radon in air 310-3 ¢/1_ 10 0g 39 82 121 


The radium body burdens listed in Table IV suggest that for a region not 
specially radioactive a representative value for the radium content of the 
skeleton might be 10 “g Ra. Using methods of calculation similar to those 
given by Spiers (1953) the mean dose-rate to an osteocyte of diameter 5u would 
then be 39 mrem/year, making a total from all sources of 121 mrem/year. The 
extent to which this might vary from site to site in bone connot be estimated 
with any confidence because the deposition of radium in the skeleton due to a 
low continuous intake has not so far been studied. 


ACQUIRED RADIOACTIVITY TO PRODUCE THE EQUIVALENT OF THE BACKGROUND 
DOSE-RATES 


At a time when the accidental ingestion of radioactive materials must be 
regarded as at least a possible accompaniment of nuclear energy development, 
it is of interest to consider what quantities of acquired radioactive elements 
will produce dose rates equal to those already being received by body tissues 
from natural sources. Two fission products would seem to be particularly 
important in that they are long lived and are capable of being taken into the 
body structure. Radioactive caesium, “Cs, may be expected to follow potassium 
in its behaviour and distribution and strontium 90 is known to be taken up 
in bone. 

In the case of *“Cs, which emits 6 rays of 0.55 MeV and 1.21 MEV energy 
and a y ray of 0.66 MeV, a body burden of 0.6 we is required to give the soft 
tissues of the body a dose-rate equal to the background rate of 100 mrem/year. 
This comparative figure is relevant to any discussion of the significance of an 
acquired *"Cs activity. ) 

In the case of “Sr with its radioactive decay product “Y, a body burden of 
45x10° ¢ would result in an average dose-rate to osteocytes equal to that re- 
ceived from natural sources including a radium burden of 10° g. If, however, it 
is conceded that the concentrations of strontium in bone can be five times higher 
than those observed with radium (I. C. R. P. 1953), the introduction of this 
further factor of 5 reduces the amount of *Sr-+-"Y equivalent to the background 
radioactivity to 9X10° ec. Assuming the calcium content of the skeleton to be 
1000 g, the “Sr contents can be expressed respectively at 45x10-" and 9X10 ¢ 
of *Sr per g Ca. 

DISCUSSION 


The importance of an estimate of the dose-rate from natural radiation lies 
in the fact that it is the inevitable accompaniment to life and has been so 
throughout man’s evolution. It must form one basic element of comparison 
in any judgment of what is a tolerable level of human dosage from the new 
radiation sources. It would seem that the natural dose-rate, if not an essential 
factor in man’s environment must be at least a tolerable one. Furthermore, 
a comparison of the natural background dose-rate with dose-rates known to be 
harmful will give some indication of the range within which “permissible” rat¢s 
must be set—although it is beyond the proper scope of this discussion to con- 
sider what those rates should be. 

In relation to genetic effects, comparison must be made with the dose received 
by the gonads from background radiations. It seems likely that this dose-rate 
is not far from 0.1 rad per year or 3 rad in a generation time of 30 years, and 
that, even in houses incorporating highly radioactive shales in their structure, 
the dose level is not much more than 50 per cent greater than this. Although 
reservation is necessary, in view of the paucity of information, great variations 
in the background dose-rates to large populations seem rather unlikely, because 
local y radiation provides only part of the background dose and its contribu- 
tion to the gonad dose is reduced by the shielding of overlying tissues. 
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The relationship of a gonad dose of 3 r in a generation to that required to 
double the human spontaneous mutation rate is uncertain because the radio- 
sensitivity of human genes is unknown. The most recent estimate that can be 
quoted is that of Muller (1955) which suggests that the so-called doubling dose 
is unlikely to be much more than ten times this background dose. 

The dose-rate to the soft tissues in bone is only slightly in excess of that to 
the gonads because the contribution from the small natural radium content 
of the skeleton is partly off-set by a reduced contribution from potassium. 
A dose-rate of about 0.12 rad per year or about 6 rad in 50- years appears to be 
a reasonable estimate. This is some 2000 times less than dose-rate to osteocytes 
which have been estimated in cases where small accidental radium burdens 
(of about 0.4 wg) have ben associated with radiographically detectable but not 
necessarily malignant—changes in bone. 

It has been shown that the dose rates from natural sources to the upper 
respiratory tract and to the general tissues of the lung may be as much as three 
times the gonad dose-rate for an assumed normal atmospheric radon content of 
3X10-* c/1. The dose in 50 years, 15 rad, is from 100 to 1,000 times less than 
the order of dose estimated in cases where the occurrence of cancer has been 
associated causally with the irradiation of body tissues. It is probably 10,000 
times less than the lung dosage in the uranium miners of Joachimstal amongst 
whom the incidence of lung cancer was so marked. 

It is evident, therefore, that the natural background dose stands nearest in 
relationship to those doses thought to be genetically significant. Several orders 
of magnitude lie between the natural dose and those associated with carcino- 
genesis. Clearly in any assessment of the significance of population dosage, 
these differences of magnitude must be recognized and taken into account. 
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BIOLOGICAL EFFECTS OF RADIATION 


An open meeting was held on March 7 at the Institute of Biology under the 
titl “Aspects of Radiotoxicity,” with the aim of clarifying some of the problems 
arising from the increasing level of radiation. Dr. H. O. J. Collier, in the chair, 
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set the evening’s challenging tone to the scientist by opening the discussion with 
the quotation, “Man, proud man, drest in a little brief authority, . . . plays such 
fantastic tricks before high heaven, as make the angels weep”. This challenge 
was taken up by Prof. J. Rotblat, who spoke on the physical aspects of radiation 
damage, and by Prof. L. Penrose, a member of the Medical Research Council 
Committee (1956) for the study of radiation hazards, who discussed biological 
damage, including the genetic effects. 

Prof. Rotblat began by stressing the complexity of the problem. On the 
physical aspect alone, and confining the discussion to ionizing radiations, there is 
a multitude of particles to consider, from electrons to fission fragments, with 
widely differing energies, penetrating powers and types of secondary reactions 
produced. Compared, however, with the chemical, biochemical and biological 
processes contributing to radiation damage, the nature of which is still obscure 
the physics of radiation damage is fairly well understood. The passage of radia- 
tions through matter gives rise to excitation and ionization of atoms and dis- 
sociation of molecules. All these contribute to the biological action and for this 
reason it is necessary to consider the total energy transferred to matter rather 
than ionization alone. The unit employed is the linear energy transfer (some- 
times referred to as the L. E. T.), which is the amount of energy transferred per 
unit length of path of the ionizing particles, usually measured in keV. per 
micron of tissue. This does not depend on the mass of the ionizing particle 
but only on its charge and velocity. The very marked variation with velocity 
explains the observed difference between the damaging action of alpha particles, 
protons and electrons, of the same energy. But although different particles with 
the same yalue for the linear energy transfer produce the same biological effect, 
the relationship between the linear energy transfer and biological damage, or 
the relative biological effectiveness (R. B. B.), is not at all straight-forward. 
Prof. Rotblat quoted examples of biological processes, in some of which the 
biological damage increases with linear energy transfer, in others decreases with 
it, and in still others first increases and then decreases. These variations in- 
dicate the existence of different mechanisms of biological action. 

Turning to the doses of ionizing radiations to which man is nowadays exposed, 
Prof. Rotblat made a survey of the natural background of radiation, pointing 
out that this will differ depending on whether one considers the gonad dose, the 
dose to bone or to other tissue. In Great Britain the gonad dose is 0:1 r. per 
year, or 3 r. in thirty years; the bone dose is slightly greater and amounts to 
8-5 r. during seventy years of life. Of the man-made radiations, the largest con- 
tribution is from diagnostic radiological examination. The Medical Research 
Council report gave a figure of 22 per cent of the natural background, but more 
recent evidence indicates that the actual value may be 5-10 times higher, which 
would bring it in line with that in the United States. The fall-out from nuclear 
test explosions has up to now contributed very little so far as external radiations 
are concerned, but internal radiation gives rise to some concern. The effect of 
cesium-137 in the body, although quite small, has perhaps been dismissed too 
lightly, but the concentration of strontium-90 in bone is the more worrying factor. 

All these doses appear quite safe when compared with the maximum permis- 
sible dose (M. P. D.) established by the International Commission on Radio- 
logical Protection, which amounts to 0-3 r. per week, or 150 times the natural 
background. It has, however, to be remembered that the maximum permissible 
dose was set up for people occupationally exposed, and on the assumption that 
only a small fraction of the population is so exposed. For the whole population 
the figure may have to be reduced by a factor of 10 or even 50, but there may be 
other reasons for lowering the maximum permissible dose. It is now becoming 
evident that the doubling dose of leukemia may be much less than was thought. 
Another factor, which came to light only recently, is the shortening of life-span 
due to an acceleration of the natural processes of ageing. A survey of radiologists 
in the United States, showing a reduction of life-span by five years, may be 
Statistically uncertain, but there is no doubt about this effect from experiments 
on animals. These experiments show that every irradiation results in some 
irreparable damage, and that the lethal dose gradually decreases with age. 
If this is extrapolated to human beings, it leads to an inherent limit of life- 
Span due to the natural background of radiations. This limit may be two hun- 
dred years or more, but the grim significance of this sort of speculation becomes 
apparent when applied to the present maximum permissible dose, which would 
reduce the life-span to about thirty years from the time exposure began. There 
seems, therefore, to be a good case for lowering the maximum permissible dose, 
quite apart from the genetic hazards. 
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Prof. Penrose opened his discussion of the biological damage due to radia- 
tions by directing attention to the ignorance there is of the intermediate steps 
in their action, stating that one could only speculate with the knowledge available. 
He pointed out that the major damage to populations exposed to an atomic ex- 
plosion would be due to heat and blast, and not to radiation. lonizing radia- 
tions were, however, damaging even in small intensities. Their effects could 
be divided into immediate, during the first few weeks, and delayed. The 
immediate effects, such as burns and ansmia, are well known. Their relation 
to the dose received is not linear, lower doses producing apparently no effect. 
With the delayed effects, such as cataract or leukeemia, the picture is different. 
From the evidence on survivors at Hiroshima and Nagasaki, as well as from 
the findings of Court Brown and Doll on patients treated with X-rays for 
anklyosing spondylitis, it is clear that the incidence of leukemia increases 
linearly with the dose. This linear relationship between exposure and delayed 
effects emerged toward the end of the Medical Research Council Committee’s 
deliberations and was the reason for the demand for a reconsideration of the 
maximum permissible levels. 

Another point to be clarified in the public mind is the difference between 
somatic and genetic effects. Direct damage to the foetus by radiations has 
been studied on pregnant rats and mice as far back as 1931, and the findings 
have been supported by observations on human foetuses. It was found that 
large doses to the mother’s abdomen could clearly cause foetal damage not 
previously suspected. Apart from miscarriage, this could result in the birth 
of babies with arrested development of the central nervous system leading to a 
special type of microcephaly. These risks, which had been known for some 
time, were definitely confirmed in the populations exposed at Hiroshima. Dr. 
Alice Stewart and her colleagues at Oxford claim to have observed delayed 
deleterious effects on the foetuses exposed at any time during pregnancy to a 
much smaller dose of X-rays, such as occurs during diagnostic pelvic X-ray of 
the mother. In these offspring there was found to be a significantly higher 
incidence of leukseemia, which developed one, six, or even ten years after birth. 
Prof. Penrose hesitated to accept these findings as fully proved, but felt that 
although the damage occurred only in a small proportion of the mothers X-rayed 
in pregnancy, nevertheless it was important. 

The genetic hazard can only be considered by looking at a long-term picture. 
There are two processes to be considered—chromosome breakage, which disturbs 
nuclear harmony, and point mutations, both of which may be the result of 
ionizing radiations. When a chromosome breakage occurs, both theory and 
experiment show that the effect is proportional to the square of the dose be- 
cause, to produce an effect, there must be two breakages with the possibility 
of joining up again to reproduce. In the case of point mutations there is a 
direct linear effect, and this has been established by work with Drosophila. 
In man, such mutations are far from difficult to study, and this has in part 
produced the impression that the genetic hazard results only in an increase in 
the number of achondroplasic dwarfs. Actually, an increase in the rate of 
mutations will increase many other far more serious conditions. Referring 
to the nuclear test explosions, Prof. Penrose stated that the number of fresh 
mutants would be small and difficult to demonstrate, and in this sense only is 
it insignificant, counted over the whole population the number would certainly 
not be negligible. 

Prof. Penrose then produced some evidence of the part played by radiation 
on the natural mutation-rate in man. One method is to study the incidence 
of diseases believed to arise by spontaneous mutation in relation to the ages of 
parents. For chondrodystrophy and acrocephalosyndactyly the age of the father, 
but not that of the mother, is strikingly high. This could be explained by as- 
suming that the gene loci concerned were not very sensitive to radiation but 
mutated in response to other factors. For the most sensitive loci, mother’s and 
father’s age would both be only slightly raised, as seems to be the case in 
retinoblastoma neurofibromatosis and epiloia. Mongolism falls into a quite dif- 
ferent group, its incidence increasing with an increasing maternal, but not 
paternal, age, and itis clearly not due to point mutation. 

In answer to questions on the haphazard use of radioisotopes therapeutically 
and experimentally, both speakers stressed that nowadays every care is taken 
in the use of these materials. Prof. Rotblat explained that in the case of radio- 
iodine therapy in thyroid disease, treatment is now limited to patients of the 
older age group where tumour induction after many years is of less importance 
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than in the younger age group. Physicians in Britain have been more conserva- 
tive in accepting the possession of a Geiger counter as essential for their practice 
than has the medical profession in the United States. The contribution from 
short-lived isotopes used in medicine has been calculated to be very small. 

The chairman concluded the meeting by a revision of the old rules of health, » 
suggesting that one should stay indoors to be shielded from cosmic rays, to 
‘stop drinking milk to limit the intake of cesium 187, and to keep away from the 
doctor, to avoid being X-rayed. 

P. J. Linvop. 


[Britsh Medical Journal, London, Saturday, March 30, 1957] 
STRONTIUM-90 IN MAN 


Whenever a nuclear weapon is exploded, or atomic energy is released in a 
reactor, over 200 radioactive isotopes are produced. All these can be harmful 
to man, but the main villain of the piece appears to be strontium-90. Its 
notoriety is due to several reasons. First, it has a high yield: one in every 
twenty fissions results in the production of an atom of strontium-90. Secondly, 
it is long-lived: its physical half-life is 28 years. Thirdly, it finds its way from 
the soil into food. Fourthly, it is a bone seeker. And, fifthly, it is retained in 
the human body for a long time; the biological half-life is about 7144 years. The 
last two properties lead to the possibility that the 6-rays emitted from radio- 
strontium may produce bone lesions and sarcomas as well as leukaemias. 

Although the hazards from the deposition of strontium in bone have long 
been recognized, too little has been known about its distribution and metabolism 
to assess the hazards quantitatively. Recent papers +? * giving results of a 
world-wide survey of strontium content in man throw some light on the subject. 
Strontium-90 is an inevitable by-product of nuclear power production, and by 
the time most of our power requirements have been met from atomic energy 
there will be an embarrassingly large quantity of strontium-90 to be disposed 
of; but this does not present a hazard at the moment, since the strontium is 
not allowed to escape into the open. Even in a full-scale nuclear war strontium- 
90 would not be the main radiological poison; its damaging action would be 
small compared with that of the shorter-lived isotopes strontium-89 and iodine- 
131. It is the relatively small amount of strontium-90 accumulating from test 
explosions that causes some worry. Furthermore, strontium-90 does not pre- 
sent a genetic hazard, since it emits only B-rays, which do not penetrate to the 
gonads. It is the somatic hazard, the probability of inducing bone tumours, 
that is the main concern. 

When a nuclear weapon is exploded in the air the radioactive fragments are 
carried by the upward draught high into the stratosphere. In the case of a 
high-altitude explosion—as the next Britsh H-bomb test is supposed to be— 
there is very little local fall-out, and practically all the radioactivity is taken 
up into the stratosphere. The rate of descent from there is very low, about 
10% per year, and this allows the radioactivity to spread out over the globe, 
so that when it does come down, mainly with the rain, it is nearly uniformly 
distributed all over the world. By the time the active material has descended 
the short-lived radioactive elements have practically all decayed and only the 
long-lived ones, mainly strontium-90 and caesium-137, are deposited on the 
ground. Here strontium, being chemically similar to calcium, enters into the 
soil-plant-animal-human chain of calcium. The first step in the chain, the 
uptake of strontium by plants, depends on the root depth and on the calcium 
content of the soil. The latter varies greatly; differences by a factor of 100 
are quite common. Since the uptake of strontium by the soil will be the greater 
the less calcium it contains, the concentration of strontium-90 per gramme of 
calcium in the soil, and thus the concentration in plants, may vary enormously. 
There is also a large variation with depth, most of the strontium being deposited 
in the top 4 in. (10 em.) of soil. The consumption of vegetable food is one 
way of introducing strontium-90 into the body. But since most of the calcium 


1 Libby, W. F., Proc. nat. Acad. Sei. (Wash.), 1956, 42, 945. 

*Kulp, J. L., Eckelmann, W. R., and Schulert, A. R., Science, 1957, 125, 129. 

8 Booker, D. V., Bryant, F. J., Chamberlain, A. C., Morgan, A., and Spicer, G. S., Radio- 
strontium and Radiocaesium Measurements in Biological Materials to December 1956, 
Atomic Energy Research Establishment, 1957, London. 
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in our diet comes from dairy products the next step in the chain, the uptake 
of strontium by grazing animals, is the most important one. Fortunately there 
is a large discrimination factor, of about 7, against strontium consumed by the 
cow appearing in the milk. Furthermore, there is another discrimination fac- 
tor, of about 8, in going from food to the deposition of strontium in bone, so 
that the amount of strontium-90 per gramme of calcium in the human bone is 
very much smaller than that in the soil. 

The concentration of strontium-90 is expressed in terms of so-called sunshine 
units (S. U.), one such unit being one-millionth of a microcurie per gramme of 
calcium. A recent survey * has shown that the content of strontium-90 in the 
human skeleton, resulting from all H-bomb tests carried out until the autumn 
of 1956, will eventually reach a value of about 28. U. This is an average value 
with a very wide spread. The uptake in different bones in the skeleton varies 
by as much as a factor of 15, the largest concentration being in the vertebrae 
and sternum, the lowest in the skull. There is also a big variation with age; 
children aged 0-4 years take up about five times more than adults, and they 
have also’a greater sensitivity to radiations. Finally, there are large variations 
in individuals of the same age group, probably due to differences in diet. 

The main problem is how to assess the hazard from a given amount of 
strontium-90 in bone. The maximum permissible concentration of strontium-90 
is 1,000 S. U., which is 500 times the average amount which will accrue from test 
explosions. But such a comparison is misleading, since all maximum permissible 
levels were established for people occupationally exposed to radiations. When 
whole populations are exposed the maximum level must be greatly reduced. The 
assessment of this hazard hinges on a fundamental question: how does formation 
of bone tumours vary with dose? If a threshold dose exists below which tumours 
are not formed, then the small doses resulting from test explosions are probably 
harmless. Butif there is no threshold, and tumour formation is a linear function 
of dose, then even the smallest dose will impart a small but finite probability 
of a bone tumour being formed. The available evidence is meagre, and, moreover, 
it entails comparison of strontium with raduim, since only after exposure to 
radium has production of bone sarcoma in man actually been observed. There 
is growing evidence that the relation between the amount of exposure to radia- 
tions and the probability of developing long-term effects is of a linear nature. 
This was the view accepted by the M. R. ©. in its report,‘ which states that “each 
unit quantity of radiostrontium absorbed by the bone confers a certain probability 
of bone tumour formation.” The consequence of a linear relationship is that 
every H-bomb test by causing an increase of the content of strontium-90 in bone 
will increase the frequency of bone lesions. But much more research work will 
be required before an accurate assessment of the hazard can be made. 


LEUKAEMIA AND NATURAL BACKGROUND RADIATION 


Srr,—It is now well established that ionizing radiations can cause leukaemia 
inman. The detailed survey carried out recently by the U. K. Medical Research 
Council’? of the incidence of leukaemia among patients treated for ankylosing 
spondylitis with x-rays, as well as the earlier investigations by the U. 8. Atomic 
Bomb Casualty Commission ? of the survivors of Hiroshima and Nagasaki during 
the period 1947-55, have definitely shown that the incidence rate of leukaemia 
increases with the strength of the radiation dose received. Although the exact 
relationship between the two is not definitely established, it may not be unreason- 
able to assume—and there is some recent evidence in support *—that the proba- 
bility of incidence of leukaemia is directly proportional to the strength of the 
exposure (at least for low and moderate doses). 

In the analysis carried out by the U. K. Medical Research Council, the x-ray 
dose was estimated in two different ways—first, by calculating the total amount 
of energy absorbed by the whole body, and, secondly, by calculating the maximum 
dose of radiation received (at a point in the spinal marrow). The whole-body 
dose is more relevant in the present discussion. 


“ 4 2 io Research Council, The Hazards to Man of Nuclear and Allied Radiations, 1956, 
oncdon, 
1 The Hazards to Man of Nuclear and Allied Radiations, 1956. H.M.S. O., London. 
2 Pathological Effects of Atomic Radiation, 1956. National Academy of Sciences, U. S. A. 
® British Medical Journal, 1956, 2, 704. 
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In the table given below, the figures in the last column are calculated from 
the corresponding data in columns 1 and 2, which are reproduced from the U. K. 
Medical Research Council’s report. Thus, for instance, the whole-body integral 
dose of 7.5-14.9 megagram-roentgens (average 11.2) would correspond to a whole- 
body dose of about 160 roentgens for the “standard man” (mass 70 kilograms). 
The leukaemia incidence rate for this dose is 4.4 cases per 10,000 men per year 
(if we exclude the natural rate of 0.3 cases per 10,000 per year). Thus the 
incidence rate per roentgen per year per million persons comes out to be 2.8. 





Crude In- Incidence 
Whole-body Integral Dose in Megagram-roentgens cidence per | per Million 
10,000 Men per Year 
per year per Roentgen 
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1 The rate has been estimated from the national vital statistics for all forms of leukaemia excluding lym- 
phatic leukaemia. 


It may be seen that the incidence rate of leukemia is roughly 3 per million 
per year per roentgen, 

An analysis of the Japanese data leads to a figure of roughly 1 per million 
per year per roentgen. This represents a lower limit to the incidence rate, since 
the gamma-ray doses have been estimated for a person in the open. Apart from 
the uncertainty in estimating the dose in this case, the actual radiation dose 
received by the survivors must have been much less, by a factor of 2 to 3, due 
to shielding. Thus the incidence rate is again seen to be very roughly of the 
order of 3 per million per year per roentgen. 

Let us assume that the natural incidence of leukemia is due entirely to the 
action of the background radiation (to which everyone is exposed). The aver- 
age natural death rate due to leukemia is of the order of 15 per million per 
year. In England and Wales the annual death rate from leukemia was 11 per 
million in 1920, and 49 per million in 1954; the reason for this increase is not 
yet clear. The Japanese death rate is about 16 per million per year.) A person 
receives a whole-body dose of 0.1 to 0.15 roentgen per year from natural back- 
ground radiation—that is, from the naturally and normally present radioactivity 
in his own body and the radioactivity and cosmic rays in the environment. This 
is equal to a dose of 3 to 5 roentgens up to adult life (say, 30 years). 

On the assumption that the natural incidence of leukemia is due entirely to 
background radiation, the figure of 3 leukemia cases per million per year per 
roentgen and a natural radiation dose of 5 reentgens up to adult life would 
lead to a natural adult incidence rate of 15 per million per year. The close 
agreement between the incidence rate as calculated above and the observed rate 
may, no doubt, be partly accidental, but it points to the high plausibility of the 
assumption that the natural incidence of leukemia could be due entirely to the 
background radiation. 

Our thanks are due to Professor D. S. Kothari and Dr. M. L. N. Sastri for 
stimulating discussions.—We are, etc., 

‘ SANTOSH KuMAR MAzuMDAR. 
A. NAGARATNAM., 
New DEtuI. 


[Reprinted from British Medical Journal, April 20, 1957] 


STRONTIUM-90 IN Man 


Sir,—Strontium-90 is now frequently being discussed all over the world, and 
your leading article (Journal, March 30, p. 752) will no doubt be quoted in lay 
fora as an expression of the best medical opinion of this country. It is important 
that some of the weaknesses of this, in most ways excellent, short summary of 
the situation should be noted. 
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“The main problem is how to assess the hazard from a given amount of 
strontium-90 in bone.”” Most would agree with this quotation. 

Permissible Body Burden for the Occupationally Haposed.—This has been given 
by the International Commission on Radiological Protection and the Medical 
Research Council’s Committee on Protection against Ionizing Radiation as 1 ue 
of strontium-90 or approximately 1,000 S. U. (strontium units, uuc per gramme 
of calcium), and was derived as follows. From industrial experience in the 
luminizing industry it was considered that the minimum toxie body burden of 
radium—a chemical analogue of calcium and strontium—was 1 we. Early results 
with experimental rodents in Chicago had indicated that the toxic dose of stron- 
tium-89 relative to radium was about 10:1. Strontium-90 and its daughter 
yttrium-90 liberate per disintegration about twice the energy of strontium-89. 
Therefore the ratio of strontium-90 to radium should be about 5: 1 as admin- 
istered; but radium decays in the body to radon, a gas, much of which escapes 
in expired air, more in the case of recently deposited radium than from long- 
standing depots, and more in the case of experimental rodents than man. In 
terms of body burden of effective radiactive material in human bone it was to 
allow a factor of 2 for this, bringing the ratio strontium-90: radium=10: 1. 
The calculated, minimum toxie permanent body burden for strontium-90 is thus 
10 we. Allowing a safety factor of 10 a maximum permissible body burden of 
1 we was derived. 

The following uncertainties are relevant. (1) Industrial radium used in the 
luminizing industry was a mixture containing variable amounts of mesothorium 
and other radioactive elements, too short-lived for their contribution to the 
observed toxic manifestations to be assessed at the time when the body burdens 
of luminizers were estimated. However, a few subjects who had received injec- 
tions of relatively pure radium for medical (sic) reasons have been discovered: 
in them the minimum toxie body burden appears so far to be about 8 ue’ as 
compared with recent estimates of about half a microcurie of “radium” in ex- 
luminizers. The minimum toxic body burden of radium cannot therefore be 
indicated with precision. (2) The ratio of toxic doses of radium and stron- 
tium-89 was derived from injected animals. After more chronic administration 
these radioactive materials may be expected to be more widely distributed in 
bone. (8) The comparative metabolism of radium and strontium may differ 
significantly in man from the rodent because of different size and bone structure. 

Permissible Body Burden in General Population.—In spite of the uncertainties 
the maximum permissible body burden for strontium-90 remains one of the best 
authenticated among those derived for occupational purposes. However, because 
of the uncertainties it is not justifiable to use this figure as a yardstock when 
one is considering a general population as Libby’? and Kulp eé al." have done. 
Your leading article and the Medical Research Council* have given the most 
cogent reason—the presence in a general population of foetal, neonatal, and 
adolescent subjects who have greater avidity for and greater sensitivity to radio- 
active strontium. On the other hand, with the homoeopathic doses they receive 
daily the young will distribute strontium much more uniformly in bone than will 
the adult. How much this latter offsets the former is unknown. 

This matter of distribution of strontium is worthy of stress. The values given 
by Kulp et al.* for strontium-90 in human skeletons were not those directly 
measured but figures “normalized” for unevenness of distribution in different 
bones. Now, unless I am in error, the factor for normalization was derived 
from the single administration of strontium-85 to adults in the terminal phase 
of killing diseases. An ill adult patient, probably bed-ridden, given a single dose 
of a radioactive marker and dying 3 to 125 days later, is no criterion for the 
metabolism of a daily ingested calcium analogue, and to use this criterion to 
“normalize” observed data, particularly from children, is, to say the least, un- 
scientific. In fact field studies on domestic animals® indicate that gross radio- 
activity from strontium-90 is fairly uniformly distributed throughout the bones. 
Moreover, the analysis of stable strontium in human bones from subjects of all 
ages shows a similar uniformity.® Strontium is a normal though apparently 


BEUEOoney, Ni- B., Hasterlik, R. J., Brues, A. M., and Skirmont, H., Amer. J. Roentgenol., 
, 73, 1006. 

2 Libby, W. F., Proc. nat. Acad. Sel. (Wash.), 1956, 42, 945. 

8 Kulp, J. L., Eckelmann, W. R., and Schulert, A. R., Science, 1957, 125, 219. 

4 pacers Research Council, The Hazards to Man of Nuclear and Allied Radiations, 1956, 

ndon., 

5 Cox, G. W., and Morgan, A., personal communications. 

6 Sowden, H. M., and Stitch, 8S. R., A. BR. R. BW, MRC/R.2030, 1956. 
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non-essential metabolite, and radioactive strontium will follow. the same path- 
ways. 

Radioactive strontium-90, now universally distributed over the surface of the 
world, should be considered in comparison with the naturally occurring radium 
found in all bone, human and animal. Calculations of acceptable risks for a 
population from body-burdens of radioactive strontium are best made therefore 
using natural radium contamination as the criterion. .This approach is being 
pursued with vigour. 

Dose-response Relationship—Meanwhile, “How does formation of bone 
tumours vary with dose?’ Is there a relationship between natural radioactivity 
of bone and natural incidence of bone sarcoma? Though this has been carefully 
looked for, the only conclusion is that the evidence is too scanty. 

Is there “growing evidence that the relation between the amount of exposure to 
radiations and the probability of developing long-term effects is of a linear 
nature’? In so far that formerly there was none at all, while recently a linear 
relationship has been suggested between dose to a point in the spinal marrow 
and the incidence of leukemia in irradiated spondylitics (Appendix B‘), this 
statement is true. But radiation-induced leukemia is an odd thing. It has 
a much shorter latency than other radiation-induced malignant states. Some 
would even yet argue that it is not a malignant condition. In the experimentally 
induced lymphoma of the mouse the relation between total dose and fractiona- 
tion of the dose is most complex and certainly not simply linear.’ 

It would be unwise therefore to use leukaemia as a model for all radiation- 
induced malignancies and as a justification of the thesis of somantic mutation 
as the cause of cancer. It is wrong moreover, to attribute to the M. R. C. report ‘ 
opinions which it did not express. The statement, “Each unit quantity of radio- 
strontium absorbed by bone confers a certain probability of bone tumour forma- 
tion,” was not in the report but one of its signed appendices. Furthermore, the 
statement would suggest a linear relationship only if each unit quantity con- 
ferred the same probability. 

In point of fact, the quantitative evidence of the carcinogenic properties of 
radiostrontium, and there is not much of it, suggests that the relationship is not 
linear and that there is some form of threshold, or effective latent period.®” 
Therefore your conclusion, “The consequence of a linear relationship is that 
every H-bomb test by causing an increase of the content of strontium-90 in 
bone will increase the frequency of bone lesions,” is as yet without foundation. 
The correct conclusion in the present state of scientific knowledge is that a 
linear relationship sets the limit and indicates the worst possible conditions, so 
that it would be prudent to go easy until the real facts are ascertained. 

Strontium in Animal Metabolism.—Pari passu, it is right and proper that in- 
vestigations be made on the uptake of both natural radium and the now univer- 
sal strontium-90. Your leading article notes that we derive most of our calcium 
and strontium from milk and certain of its products. A safety factor of about 
{—the cow—is built into this route by which we ingest strontium-90. Your 
leading article quotes a second safety factor of about 8 in going from food to 
the deposition of strontium in human bone. The combination of 78 would 
indeed be impressive, but is unfortunately an overstatement. Sowden and 
Stitch ° find the strontium content of human bones to be, in round figures, 100 
p. p. m. of ash, of which about 40% will be calcium. The strontium: calcium 
ratio is thus about 1:4,000. In a general diet one can derive from the data 
of Harrison et al.” that strontium: calcium is about 1:500. Here is the factor 
8, but this includes the factor for the cow insofar as milk and its products are 
part of the diet of the average adult. Moreover, Harrison et al. calculate that 
the discrimination against strontium in favour of calcium by the human gut 
gives a factor of about 2. Unpublished observations from the same source sug- 
gest that the human bone absorbs calcium and strontium from the blood without 
discrimination. The best figure at the moment for the human safety factor is 
thus only 2. It is likely to be rather higher for alkaline earths of vegetable 
origin than for those derived from milk, since lactose and some amino-acids cause 
reduction in the factor of discrimination.4 


= 4 oe a Research Council, The Hazards to Man of Nuclear and Allied Radiations, 1956. 
ondon. 

7 Mole, R. H., in Progress in Radiobiology, 1956, edited by J. 8. Mitchel], B. EB. Holmes, 
and C. L. Smith. Oliver and Boyd. 

® Finkel, M. P., Radiology, 1956, 67, 665. 
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Strontium in Soil and Plant.—Your leading article infers that all the strontium- 
90 in piants is derived from the soil. But the leaf of the plant is a very good 
surface for the adhesion of small particles of “fall-out” and for the absorption 
of strontium as well as other mineral ions.” Thus the present contamination 
may be much more related to the rate of fall-out than to integrated total “fall- 
out.”—I am, ete. 


Didcot, Berks : J. FE. Loutit. 


Srir.—Your leading article (Jowrnal, March 30, p. 752) states that strontium-90 
does not present genetic hazards since it emits only 8-rays which do not penetrate 
to the gonads. In view of the great importance of this subject at the present 
time, it would be interesting to know whether this statement is based on experi- 
mental evidence or merely on supposition. If the latter, then it is difficult to 
accept the argument without further investigation. It may be that the writer 
assumed that all the available strontium-90 is deposited in the bone and there- 
fore is unlikely to affect the gonads. However, even on this assumption the 
B-particles can traverse distances of up to about a centimetre in soft tissues:? 
when the testes are in the inguinal canal, they must be less than one centimetre 
distant from bone at some stage in their journey. This may also apply to the 
ovaries during development. 

A second possibility which may not be excluded is the effect of any strontium-90 
prior to its deposition in the bone or after Subsequent mobilization. If there 
is any similarity between the effect of strontium and lead it may be that stron- 
tium does in fact have an effect on the soft tissues in general. Lead is well 
known to have a special affinity for bone, but its main impact is on soft tissues, 
such as the nervous system and the gut. Until, therefore, these possibilities 
have been excluded by experiments of suitable length in mammals, such a state- 
ment as that in your leading article may convey a false sense of security.—I am, 
etc. 

London, 8S. W. 17. 

Brian H. KIRMAN, 
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THE RADIOLOGICAL DOSE TO PERSONS IN THE U. K. DUE TO DEBRIS FRoM NUCLEAR 
TrEsST EXPLOSIONS PRiIoR TO JANUARY 1956 


By N. G. Stewart, R. N. Crooks, and Miss HE. M. R. Fisher 
1. INTRODUCTION 


The size distribution of the radioactive dust particles in the cloud from a 
nuclear explosion depends both on the power of the weapon and on the manner 
in which it is exploded, whether on the ground, on a tower or high in the air. 
The larger particles fall to earth relatively close to the site of the explosion, 
but in every type of burst a considerable fraction of the total radioactivity gen- 
erated is contained in fine dust particles whose rate of fall under gravity is 
small and which may therefore remain airborne long enough to diffuse widely 
throughout the atmosphere and affect large areas of the earth’s surface. 

The United Kingdom, being remote from all test sites used up to the present 
time, has been free from local effects and has provided a useful observation area 
in which to study the global contamination problem. In this paper, an account 
is given of the methods that have been used to measure the amount of radio- 
active material in the air above U. K., and the amount deposited on the ground, 
as a result of all weapons exploded between January 1951 and January 1956. 
Based on these measurements, an estimate is made of the integral gamma ray 
dose received by the average inhabitant of this country during his lifetime from 
all nuclear tests held to date. An estimate is also made of the dose that will 
ultimately be received per individual per generation if bombs continue to be ex- 
ploded at the present rate. 


12Tukey, H. B., and Wittwer, S. H., in Progress in Nuclear Energy VI: Biological 
Sciences, 1956. Pergamon Press. 

13 Russell, R. S., Squire, H. M., and Martin, R. P., A. E. R. E./S. P. A. R. 3, 1955, 

gee Research Council, The Hazards to Man of Nuclear and Allied Radiations, 1956, 
p. 5. London, 
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2. PROPERTIES OF THE DUST PARTICLES 


21 The particles reaching U. K. from the smaller type of nuclear explosion 
are spherical in shape, having been formed by the condensation of material which 
has been vaporised in the explosion. They consist mainly of fused silica or | 
metal oxides, depending on whether the weapon has been exploded near or remote 
from the surface of the earth, but both types are impregnated with radioactive 
elements more or less uniformly throughout their volume. The particles from 
the thermonuclear tests over the Pacific atolls consist mainly of calcium carbo- 
nate or calcium oxide but they are shapeless, possibly due to the refractory 
nature of the coral on which the tests have taken place. The vast majority of 
the particles encountered in U. K. from all types of explosion have diameters of 
less than 10u(14=10~ cm.). 

2.2 The radioactive content of explosion dust falls into three categories: 

(i) Fission Product Activity (8, y) 
(ii) Neutron Capture Activity (8, y) 
(iii) Alpha Activity 


Fission Product Activity 


The fission products contained in the fine dust are fairly representative of 
those generated in the parent explosion although, under certain circumstances, 
some may be preferentially deposited along with the larger particles near the 
test site. Different types of weapon produce the same assemblage of fission 
products in slightly different proportions, but the rate of decay of the gross 
activity is almost independent of these differences and varies approximately as 
the inverse 1.2 power of time. Thus the activity decreases by a factor of 10 for 
a 7-fold increase of time as measured from the instant of the explosion. Table I 
shows the percentage contributions made by some of the more important fission 
products to the beta-ray activity from the slow neutron fission of U™. Only 
those contributing more than 5% to the total activity at any time are included 
in. the list. At the foot of the table are given Hunter and Ballou’s computed 
figures? for the beta activity associated with the fission of 10° atoms of U**. It 
is often convenient to express the fission product activity of dust in terms of the 
number of fissions from which this activity is derived. Thus a sample which is 
disintegrating at the rate of 620 disintegrations per minute (dpm ) twenty days 
after the time of the parent explosion may be said to contain 10° fissions (see 
Table I). 


Activity from Neutron Capture 
Although several different radioactive elements may be created by the capture 
of neutrons in materials close to the reacting core of a weapon, the only signifi- 
cant reactions to produce gamma-ray emitters are those associated with the 
natural uranium which may be used as the tamper material of the bomb. This 
uranium is subjected to intense neutron bombardment during the nuclear ex- 
plosion and the following reaction takes place: 
— Q3Np239 —-_, 94 Pu239 ~-____, 


23.5m 2.33d long 


Chemical analysis of the debris shows that in general about one neutron is 
captured in this way for every fission that occurs, both in nominal bombs and 
in thermonuclear explosions. The U* decays completely before reaching the 
U.K. but at four days after time of burst the Np* disintegration rate reaches 
a peak relative to that of the fission products and accounts for about 60% of 
the observed activity at that time. 

In addition to this, a smaller number of the neutrons in a thermonuclear 
explosion undergo an (n,2n) reaction with U™ to form 6.7 day U™ which is 
also a (f, y) emitter. 

Despite the fact that Np” and U™ contribute much to the gross activity of 
the dust particles in the first few days after burst, their short half-lives and 
the softness of their gamma rays prevent them from adding significantly to the 
hazards associated with the fission products. 


Alpha-Particle Activity 


By far the most important alpha-particle emitter in the explosion dust is 
Pu. Consider first a nominal bomb of efficiency 20% with plutonium as the 


9202384 onl —> 920239 
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1 Hunter, H. F. and Ballou, N. EB. ADC-—65. 
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fissile material. Since one plutonium atom is used per fission, there will be 
a residue of four atoms/fission after the explosion. But since (equation 1) we 
may assume that one atom of plutonium is created per fission by neutron capture 
in U™, the dust particles from this type of explosion will contain five plutonium 
atoms per fission. If U** is used as the fissible material, the content will be one 
plutonium atom per fission; this same figure has been found to hold for thermo- 
nuclear weapons. 

2.3 Between 20% and 30% of the activity contained on the spherical particles 
collected from the smaller nuclear explosions has been found to be soluble in 
water. The mean figure for the particles from thermonuclear tests over the 
Pacifie atolls is 55%. 


8. MEASUREMENTS OF DUST CONTENT OF AIR 


The atmosphere has been sampled in a routine manner for radioactive dust 
since 1948 by attaching air filters to the aircraft which carry out the standard 
meteorological flights from Aldergrove, Northern Ireland. The frequency of 
sampling has varied throughout the period from daily to three times per week. 
The aircraft fly for about eight hours on a triangular course over the Atlantic}; 
the main flying on each sortie is done at 1700 feet and at 18,000 feet with oc- 
casional descents to sea level and thus a reasonable sample of the dust content of 
the lower atmosphere is obtained. Each plane carries a cylindrical filter of 
length six inches and diameter 314 inches consisting of a mat of esparto grass 
paper inside a wire cage. The collection efficiency of this arrangement is about 
100% for particles greater than 3u but this drops to 70% for the finest sizes 
created by nuclear explosions. 

The average amount of air sampled during each flight has been measured by. 
comparing the activity on a cylindrical filter with the activity collected on a 
disc filter of the same material flown at the same time, the disc being mounted 
in a long tube containing an orifice plate so that the air flow could be determined 
during flight. In this way it has been estimated that each routine filter sample 
contains the active dust from 1530 kg. of air. 

The air has also been sampled since early 1952 over successive 24 hour periods 
_ at ground level near Harwell by fitting standard cylindrical filters to a powerful 
blower which provides a daily throughput of 7400 kg. of air. 

The beta activity of the filters is measured by mounting them coaxially over 
a calibrated cylindrical geiger counter type B12H. The wall of this counter 
is thick enough to eliminate effectively the soft beta radiations of Np” and 
U*"' and the system thus provides a measure of the fission product activity alone. 
The measured disintegration rate of a sample of known age can be expressed in 
terms of fission units by using the computed curves of Hunter and Ballou. The 
Np*~”’ and U*' activities are determined separately by chemical analysis. 


4. RESULTS 


4.1 General.—When a nominal bomb is exploded in, say, Nevada, the dust 
cloud rises to a height of perhaps 10,000-12,000 metres and travels east with 
the prevailing westerly winds. As the cloud travels it diffuses both laterally 
and vertically and ultimately contaminates the lower atmosphere across & 
broad front at great distances. Although on the average the cloud from a 
Nevada explosion crosses U. K. on the fifth day after time of burst and there- 
after every four to seven weeks as it circulates round the world, the behaviour 
of any one cloud can depart considerably from this average and to obtain a 
general idea of the way in which the concentration of dust varies with distance 
downwind or with time, it is convenient to consider the concentrations over 
U. K. of the fission products from a series of explosions whose times of burst 
are close enough together to allow them to be considered as a single event, at 
least throughout a period starting some three to four weeks after the mean 
time of burst. : 

The specific activity of air above U. K. in the period following the Russian 
and American tests in the autumn of 1951 has been plotted in Vig. 1A. In this 
diagram, time is measured from the mean date of the individual explosions, 
and the specific activity of the air, as determined from the Aldergrove flights, 
has been averaged over periods of approximately fourteen days to give a figure 
representative of a significant fraction of the circulation path of the air, and 
to smooth out short-period variations. In this presentation, earlier points are 
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omitted since the method cannot reasonably be used within the actual period 
when the explosions are occurring. A smooth curve has been drawn through 
the experimental points and it has been found by experience that the shape of 
this curve is quite characteristic of explosions of near nominal size which take 
place in the middle latitudes of the northern hemisphere. The curve has been 
corrected for the radioactive decay of the fission products according to .a com- 
posite decay curve computed from the sum of the individual decay curves, giving 
the dotted line in Fig. 1 which can then be taken to represent the decrease with 
time of the specific air content of the dust itself or of the longer-lived isotopes. 

The decrease with time of the specific dust content of the air over the U. K. 
can be due to increased spread of the cloud or to deposition or both. Vertical 
spread abuve 12,000 metres is prevented by the very low diffusion rates in the 
stratosphere (see below). ‘There is also a barrier of stable air in the lower 
atmosphere (troposphere) reaching as far as 25°N of the equator which pre- 
vents widespread diffusion to the south. Finally, direct observations of the 
lateral spread of Nevada clouds by sampling planes based in Gibraltar and in 
Scotland suggest that lateral diffusion is virtually complete by the time the 
clouds have made one circuit of the world. Ali the points in Fig. 1 refer to 
clouds which satisfy this criterion and we must conclude that the dotted line 
in Fig. 1A represents the rate of removal of atmospheric dust from the atmo- 
sphere by deposition alone and that half the material is removed in approxi- 
mately 22 days. 

The behaviour of the clouds from thermonuclear explosions is quite different. 
The fortnightly averages of the specific air activity obtained from the Alder- 
grove flights following the Pacific tests in the spring of 1954 have been plotted 
in Fig. 1B. There is no sharp decrease of airborne activity such as was ob- 
tained after the Nevada explosions, and when the correction is put in for 
radioactive decay it will be seen that the concentration of dust has in fact been 
increasing throughout the ten months following the mean date of the explosions. 
The explanation is that a thermonuclear dust cloud penetrates into the strato- 
sphere and reaches a height of the order of 30,000 metres soon after the ex- 
plosion. Diffusion is a very slow process in the stratosphere and material 
returns to the lowest layers of the atmosphere at a much slower rate than 
in the case of the nominal bomb cloud. ‘The gap in the record in Fig. 2 occurs © 
during the period when the lower atmosphere was further contaminated by the 
explosion of several Russian nominal-sized bombs in the late Autumn of 1954. 
This contamination decreased in the manner shown in Fig. 1A for this type of 
bomb, enabling measurements to be resumed on the residual thermonuclear 
contamination in January and February, 1955. 

Direct confirmation of the hypothesis that the thermonuclear explosion dust 
is held back in the stratosphere has been provided by a series of experiments 
conducted in the Autumn of 1954 and repeated in the Spring and Autumn of 
1955. In these experiments the concentration of activity was measured at 
various heights in the atmosphere up to 15,000 metres. The mean concentra- 
tions, averaged over a period of two months in the Autumn of 1954, are shown 
in Fig. 2 which demonstrates quite strikingly the existence of a large accumu- 
lation of fine dust in the stratosphere several months after the tests. The 
origin of the dust was identified by chemical analysis of the fission products. 

4.2 Mean Concentration of Beta and Gamma Activity in Ground Level Air.— 
The dust clouds from Nevada and Russia pass over U. K. on their first circuit 
of the world before they have diffused to ground level, so that the activity 
does not reach high values in the surface air over this country. The peak 
concentrations, averaged over 24 hours, are generally in the region of 5 dpm 
of beta activity per cubic metre of air, but individual peaks of 25, 15, 10 and 
8 dpm/m? have been observed. Thermonuclear explosions produce smaller 
concentrations because of the slow rate of diffusion from the stratosphere, the 
highest observed figure being 0.5 dpm/m*. The average concentration of ac- 
tivity from all bombs exploded within the period April 1952, to January 1956 
was 0.5 dpm/m*, and most of this came from explosions in Nevada. The mean 
concentration in the eight months following the 1954 Pacific thermonuclear tests 
was only 0.1 dpm/m%. Although much of the material from the thermonuclear 
explosions has yet to reach ground level, the average over the next few years 
aus a bombs already exploded is not expected to exceed this figure of 0.1 

pm/m’, 
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The external gamma dose rate corresponding to 0.5 dpm/m’ of fission product 
activity in air has been computed by applying Chamberlain’s method® to the 
gamma energy spectrum of the fission products. Including the dose rate due to 
Np*” and U*" the total figure is 10° milliroentgen (mr) per year to a person 
fully exposed to the radiation. 

It is useful to compare the figures just given with those for the natural radio- 
active content of air. The combined disintegration rate of the natural RaB 
and RaC in the atmosphere at Harwell, averaged over the period November 
1950 to March, 1951 was 128 dpm/m*. The corresponding gamma dose rate is 
about 0.4 mr per year. The Harwell values for the RaB and RaC disintegration 
rates in air are, on the whole, smaller than those found elsewhere; mean values 
of 220 dpm/m* and 470 dpm/m!* have been found at Windscale* and Cambridge ‘ 
respectively while much higher figures are implied by recent Radon measure- 
ments in London.’ Moreover, under stable atmospheric conditions, the RaB 
and C content of the air near ground level may reach values greatly exceeding 
the mean levels. The highest individual peak in the Harwell observations was 
1800 dpm/m’ which is 14 times the average value; similar values have been 
observed by other workers. 

4.3 Mean Concentration of Sr® and Pu in Ground Level Air.—No routine 
measurements have been made of the concentration in air of any individual 
isotope but it is possible to estimate the figures for those with relatively long 
half-lives. This will be done for the important isotopes Sr” and Pu”’. 

The mean fission product content of the air in the period April 1952 to January 
1956, derived by calculation from the observed beta activity, was 510° fissions 
per cubic metre. Using an apparent fission yield of 4%, which is not inconsistent 
with radiochemical evidence, it follows that the mean concentration of Sr” in 
the air within this period was 4X10-" ue/ec. The I. C. R. P. occupational m. p. L 
is 2X10-” ue/c.c.° 

An upper limit for the mean plutonium concentration has been calculated in a 
similar manner, by allowing five atoms of Pu*™ per fission from an atomic 
weapon in the nominal size range and one atom per fission from thermonuclear 
weapons. The mean concentration over the same period is thus found to be 
3X10-" ue/e.c.; the I. C. R. P. occupational m. p. 1. is 2X10-* ue/c.c. 


5. DEPOSITION OF RADIOACTIVE DUST; SAMPLING METHODS 


Dust particles which are too small to have a significant falling speed in air are 

removed from the atmosphere in two ways :— 
(i) by washout in rainwater 
(ii) by dry deposition directly onto surfaces. 

Continuous measurements have been made since early in 1951 of the fission 
product content of rainwater falling on roofs at Milford Haven, Pembrokeshire, 
and Chilton, Berkshire. The roofs have been coated with chlorinated rubber 
paint which is chemically inactive and provides a smooth surface over which the 
rainwater and the entrained dust flow readily. The water is passed through 
cylindrical esparto grass filters of heavier gauge than is used for air filtration. 
The filters are exposed for 24 hour periods during rain and, after removal, are 
dried and their activity measured on the standard counting assembly; a suit- 
able interval of time is allowed for the short-lived natural Radon and Thoron 
daughter products to decay before counting is started. Allowance is made for 
the solubility of the material when deriving the true deposition figures from 
the measured counting rates; check measurements of the solubility are made 
at intervals during a particular series of explosions. 

The problem of the direct deposition onto surfaces is a complex one and some 
aspects of it are now being studied by Chamberlain at Harwell.’ Owing to the 
complexity of the earth’s surface it is obvious that realistic measurements of the 
amount of radioactive dust from nuclear explosions deposited in this way would 
be impossible. But since Chamberlain’s early work has shown that, under cer- 
tain conditions, this mechanism of deposition can be as important as rainwater 
deposition, it cannot be lightly ignored. It is thought, however that in the cir- 


£Chamberlain, A.C. A. B. R. E. Report HP/R. 5651. 
2Dunster, H. J. Private Communication. 
é Satterly, J., Phil. Mag. 16, oy 1908). 
5 Anderson, W., Mayneord . and Turner, C., Nature, 174, 424 (1954). 
6 Recommendations of the fay oat pen eiesion on Radiological Protection, B. J. RB. 
ee ppiement No. 6, 1955. 
hamberlain, A.C, A. B.R.E. Report HP/R 1261. 
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cumstances peculiar to deposition from the fine dust clouds from atomic and 
thermonuclear explosions, deposition by rain is by far the more important factor. 
The reasons for this view are given in the following section. 

It will be shown in para. 831 that on the average 80% of the integrated 

gamma dose recived by an individual in U. K. from radioactive material deposited 
by rain after a Nevada explosion is due to the deposition that takes place while 
the cloud is crossing U. K. for the first time. It has already been stated that the 
concentration in the air at ground level during this first passage is generally 
low, and, in fact, the transfer rate from from air to ground would have to be 
impossibly high before it could add significantly to the rain deposition. ‘To 
investigate what happens on subsequent circuits of the cloud, when vertical dif- 
fusion is complete, an experiment was carried out in which the deposition by 
rain in four successive fortnightly periods was compared with the dry deposi- 
tion onto a glass plate covered by a film of vaseline. The results obtained in the 
four periods were very consistent and showed that the deposition by normal 
rainfall was four times that due to dry deposition on the sticky surface. It 
was therefore concluded that since the rain deposition from the cloud during 
its second and subsequent circuits of the world was less than that during the 
first, the rainwater measurements alone should provide a fair measure of total 
deposition. In any case, the method of sampling adopted ensures that any radio- 
active dust deposited on the collecting roofs during dry spells is washed off. by 
subsequent showers and included in the rainwater activity measurements. 
- The weighting factor in favour of rain deposition is even greater in the case 
of dust from thermonuclear explosions. Since the dust is fed slowly into the 
troposphere from the stratosphere and is subsequently removed by deposition, 
a gradient of activity is maintained in the lower atmosphere and the concentra- 
tion near ground level is very small (Fig. 3). The rain brings down activity 
from regions where the concentrations are comparatively high and it is esti- 
mated that for these reasons, rainwater deposition exceeds dry deposition by a 
factor of about twenty. 


6. DAILY DEPOSITION LEVELS AT CHILTON AND MILFORD HAVEN 


The daily deposition records at Chilton and Milford Haven are similar in gen- 
eral although occasionally differing markedly in detail. All daily deposits of 
surface activity greater than 2 mc/km’ observed between February 1951 and 
January 1956 have been arranged in groups and the frequencies of eccurrence of 
the various groups are given in the following table: 
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The highest daily deposit at the sites was 73 mec/km? at Chilton and 93 mc/km? 
at Milford Haven; these occurred in heavy rain about the same time, some five 
days after the explosion of a weapon in Nevada in the Autumn of 1951. The 
highest deposition in a single day from a thermonuclear weapon test was 10 
mc/km? at Chilton and 39 mc/km? at Milford Haven. 


7. DEPOSITION FROM THE 1952 NEVADA TESTS 


7.1 Before proceeding to the final stage of calculating the gamma dose from 
the fission products deposited to date, it is important to consider in .ome detail 
the deposition measurements from one particular series of explosions in order 
to check that the results are in fair agreement with expectation. It is par- 
ticularly suitable to choose for this purpose the Nevada tests in the period 
April-June 1952 since the U. S. A. E. C. have published a paper * summarising 


8 Wisenbud, M,, and Harley, J. H. Science 117, 141 (1953). 
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their own deposition measurements within the U. S. during this series and a 
useful comparison of results can be made. 

7.2 U.K. Measurements in 1952.—The 1952 Nevada tests consisted of eight 
explosions between April 1st and June 5th, the mean date of burst being May 
6th. During this period and up to the time in late November when the atmos- 
phere was further contaminated by radioactive dust from a Pacific test, the 
usual daily measurements were made at Chilton and Milford Haven of the ac- 
tivity deposited in rainwater. The quantity to be computed, to simplify com- 
parison with the U. 8S. results, is the cumulative value of the deposited activity 
on December 6th, i. e. Seven months after the mean date of burst, when deposi- 
tion was virtually complete. The approximate method used was to add up the 
total deposition for each individual month and to calculate the probable value 
of this on December 6th using the Hunter-Ballou decay curve for the fission 
products from U**. The only refinement to this method was that each heavy 
deposition resulting from the passing over U. K. of a single identifiable cloud on 
its first transit of the earth was followed through individually on its own 
decay curve. 

The calculations show that the activity deposited at Chilton and Milford 
Haven amounted to 6350 dpm/m? and 8200 dpm/m? respectively on 6th Decem- 
ber, 1952. The lower figure at Chilton is due to the fact that during an im- 
portant part of the deposition period the rainfall was much lower there than 
that at Milford Haven, where it was very close to the average for U. K. The 
higher figure may therefore be taken as representative for this country. 

7.5 Comparison of British and American Results in 1952.—In the U. S. the 
dust is collected on horizontal sticky plates which have the property of retaining 
the dust brought down by rain in addition to that deposited directly from the air. 
A paper has been published ® giving an analysis of the measurements made at a 
network of 121 stations within U. 8. during the period following the 1952 Nevada 
etsts. The average values of the deposited fission product activity are given 
at several distances between 300 and 2,400 miles downwind from the test site. 
The quoted figures refer to the cumulative values of the deposited activity on 
1st January 1953, but using the conversion figures given in the report, these have 
been adjusted to a reference date of 6th December 1952 and are plotted in Fig. 8. 
One additional point not included among the original figures has been derived 
for the distance of 17,000 miles by averaging the deposition figures obtained at 
several places on the U. 8S. West coast and shown in the map in Fig. 1 of the 
report. This additional figure will include not only the deposition of material 
which has travelled once around the world but also that due to any temporary 
“back-flow” from the test site, and it represents therefore an upper limit for 
deposition at 17,000 miles downwind. 

The U. K. figures have been plotted for comparison in Fig. 8, and the agree- 
ment is seen to be fairly good. No rainfall figures are given in the U. S. report 
for the period in question, but the difference in the mean rainfalls of U. S. and 
U. K. is not large enough to invalidate the comparison. 

7.4 Check on the Order of Magnitude of the U. K. Figures.—The deposition 
of active material from bomb explosions in Nevada is likely to be confined to the 
Northern Hemisphere since the diffusion of matter across the stable air barrier 
is slow and is not likely to reach significant proportions in the time required for 
the bulk of the material to be deposited. It is therefore possible to estimate the 
average ground surface activity on the assumption of uniform distribution. 

The number of fissions in a nominal bomb explosion is approximately 2.4x10™.° 
The Hunter-Ballon decay curve shows a disintegration rate of 3.5X10—" dpm 
per fission at +7 months. The area of the Northern Hemisphere is 2.510 m’ 


3.5 X 10-7 X 2.4 10% 


Calculated specific ground activity = 2.5X 10" 


per nominal bomb at +7 months=3350dpm/m? 


The observed representative figure was 8200 dpm/m? from eight bombs ex- 
ploded. ‘Two of the bombs were described in the Press as very small and it may 


° The Effects of Atomic Weapons, U. S. Government Printing Office, Washington 25, D, C, 
(1950). 
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be assumed as ‘an approximation that the fission product release during the series 
was equal to that from six nominal bomb explosions. 


Observed specific ground activity = 8200/6 


per nominal bomb at +7 months=1367dpm/m? 


The observed figure is therefore of the expected order of magnitude, and the 
U. K. deposition measurements thus show satisfactory agreement with both the 
U. S. result and with the calculated values. 


8. COMPUTATION OF THE GAMMA RAY DOSE FROM DEPOSITED FISSION PRODUCTS 


8.1 General Procedure-—The gamma ray dose received over a period of 50 
years due to all bombs exploded before January 1956, will first be calculated for 
the case of a man standing on an infinite plane surface. This will be done by 
calculating the total dose to the man from each single deposition and summing 
the series. The figure thus obtained will be larger than the dose received in 
practice since the shielding provided by buildings against gamma rays and the 
removal of activity from the earth’s surface by drainage and by weathering 
have been ignored. Suitable adjustments to take account of these factors will 
be considered later in the report. 

8.2 Method of Calculation.—Consider first the dose rate at a point above a 
plane uniformly contaminated with fission products of some particular age. The 
fission products emit a large number of gamma rays whose energies and rates of 
emission can be obtained from the literature. The dose rate at the point can 
therefore be regarded as the sum of the dose rates from a number of uniform 
deposits each of which emits gamma rays of one energy only. But even this 
simplified problem has not been solved numerically for the general case owing to 
the complex nature of gamma ray scattering and absorption. However, Cham- 
berlain? has devised an approximate method for estimating the dose rates at 
various heights above a plane for all gamma energies, and this has been shown 
in recent measurements at A. E. R. EB.” to give an accurate result for the par- 
ticular case of Co® gamma rays. There is no guarantee that the method is 
equally accurate at all other energies, but the error cannot be large enough to 
vitiate the present calculations. 

Dale, Kendall and McKendrick™ have applied Chamberlain’s method to the 
gamma rays emitted by the fission products of U* and Pu’’ and have computed 
the dose rates received by a man standing on an infinite plane uniformly con- 
taminated with those products at times between one hour and three years. 
The two sets of dose rates do not differ by much and those for U™ have been 
used in the computations which follow; additional values have been worked out 
for times between 3 and 50 years. Some of the more important quantities 
derived from Dale’s data in the intermediate stages of computations have been 
listed in Table II. as they illustrate several features of the fission product 
gamma activity. Column 2 shows how the dose rate from a specified surface 
activity varies with the age of the fission products; thus the dose rate from a 
deposit of fission products one day old is four times as great as that from an 
equally active deposit of products three years old. Column 3 shows how the dose 
rate from a particular deposit varies with time; the decrease is due mainly to the 
radioactive decay of the fission products. Column 4 gives the total dose received 
within a period of 50 years from depositions which occur at various times after 
an explosion; these figures allow the integrated dose from any deposition of 
known age to be rapidly assessed. ‘The increase of the figures with time is due 
to the fact that old fission products decay less rapidly than young and therefore, 
for a given initial surface activity, deliver a greater integrated dose. The last 
eolumn shows the integrated dose between various times T and 50 years from 
a deposit whose specifie activity at one day after time of burst is 1 c/km”. This 
information has been plotted in Fig. 4 which demonstrates the rate at which the 
dose from a particular deposit is delivered. Since no deposition has yet taken 
place in U. K. until after the fourth day from the time of an explosion, the 
earlier points are of academic interest only. The graph shows that 50% of 
the total dose from a deposition occurring on the fourth day after an explosion 
is received within the following 26 days. 


® Gale, H. J. Private Communication. 
“Dale, G. C., Kendall, R. A., and McKendrick, J. C., A. W. R. B. Report HER-H7/53. 
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8.3 Results of the Dose Calculations— 

8.3.1 Atomic Bombs of approrimately Nominal Size.—Since the deposition 
from these bombs is completed within a few months, the calculation of the 
integrated dose by the procedure outlined above is a simple matter. The calcu- 
lations have been done in two stages. The integrated doses from the individual 
identifiable depositions from clouds crossing U. K. for the first time have been 
ealculated by combining the surface activity of these deposits with the data 
given in column 4 of Table II. The dose from activity deposited subsequently 
is determined in a similar manner, but here the depositions have been summed — 
over fortnightly periods and the effective age of the mixed products measured 
from the mean time of burst of the weapons. The results of the calculations 
are given in some detail below for the eight Nevada explosions in 1952. 





Integrated Dose within 
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The resultant integrated doses at the two sites do not differ by much, but it 
will be observed that the main contributions at each place come from different 
bombs. About 80% of the total dose is produced by deposition from clouds 
crossing U. K. for the first time. 

The results obtained from seven test series of similar type involving the 
explosion of some 60 weapons are summarised in the top part of Table III. The 
average integrated dose from the deposited activity is 66 ur per explosion, 
and on this basis an allowance has been made for another 15 explosions from 
which dust was probably deposited in U. K. but for which no measurements 
were made. The figures for the number of weapon exploded have been obtained 
from press reports. The British tests in Australia have been neglected as the 
clouds from these were not detected in the North Hemisphere. The integrated 
dose from all bombs in the nominal size range exploded up to January 1956, 
based on the mean of the measurements at Chilton and Milford Haven, is 4.9 mr. 

8.3.2 Thermonuclear Exrplosions.—The computation of the integrated dose in 
U. K. due to dust from thermonuclear tests falls naturally into two parts. 
Firstly, there is that part of the dose arising from material which is already 
on the ground and secondly, that due to material which has yet to be deposited 
and is at present airborne. 

The first part of the calculation is a repetition of that already carried out for 
the nominal weapons, but there are some differences worthy of note. The inte- 
grated dose is no longer dominated by the deposition which takes place in the 
first few days after burst. The rate of deposition of activity is a slowly de- 
creasing function of time of the type shown in Fig. 1B, and the mean daily 
deposition one year after burst adds more to the integrated dose than that at 
any earlier time. Again, since the time scale of the deposition is long, the 
records are frequently interrupted when the lower atmosphere is temporarily 
contaminated by dust from nominal bomb tests and a certain amount of inter- 
polation is necessary; this presents no serious difficulty since the deposition 
rates are slowly varying. The results of the computations for the thermonuclear 
test series in the Pacific in 1952 and 1954 are given in the lower part of Table III; 
the figures have been separated into those based on direct measurements of 
deposited activity and those based on interpolation. 

In order to forecast the integrated dose from active dust still to be deposited, 
estimates are required of the total amount of activity in the atmosphere and 
of its rate of descent. 
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An estimate of the fission product content of the atmosphere above U. K. in 
September 1954 can be obtained by extrapolating the graph of Fig. 2 and 
integrating under the curve to obtain the total fission product content of an 
infinite vertical column of cross-section 1 square metre. This extrapolation has 
been done by producing the curve of Fig. 2 linearly to a height of 10mb—the 
estimated initial height of the cloud—and assuming the concentration above that - 
level to be constant. The value of the integral thus determined is 3x10” 
fissions/m*. The deposition rates at Chilton and Milford Haven during the same. 
period were equivalent to 4.710" and 2.610” fissions/m*/year respectively, or 
16% and 9% of the content of the column per year. The same integration carried 
out with data obtained in January and February 1955 showed that the content 
of the column had increased since September to a value of 10” fissions; the 
deposition rate had risen in proportion and was 12% per year at both sites. 
Whether the increased concentration is a seasonal effect or represents a gradual 
downwind or lateral diffusion into the atmosphere above U. K. from regions of 
higher concentration cannot be answered confidently. It is hoped that further 
observations will help to clarify this point. The present view is that the in- 
crease may be due to the slow gravitational settling of the fine dust in the 
rarified air of the stratosphere and that the higher levels of the stratosphere 
may now be depleted of activity. On this hypothesis, the value of the integral 
obtained in January and February 1955 may well be an overestimate of the 
content of the column, but it will be accepted here as the basis of the remaining 
dose calculations. A rough check can be made on the magnitude of the figure. 
It is reasonable to suppose that by the beginning of 1955 the lateral spreading 
of the clouds from the 1954 Pacific explosions was complete (activity reached 
U. K. within 12 days of the explosion on March ist) and that the air activity 
above U. K. was therefore a fair sample of the world distribution. The total 
fission content of the atmosphere can then be calculated by summing the content 
of the column above U. K. (10” fissions/m’) over the area of the surface of the 
earth (510% m’); the result is 5X10” fissions in the atmosphere in February 
1955. This number of fissions is associated with the release of 30 megatons 
of energy (in the conventional units, a megaton of energy is the energy derived 
from the explosion of a million tons of TNT). Nothing is known of the total 
energy released in the 1954 Pacific tests but a typical thermonuclear weapon is 
commonly suposed to have a power of about 10 MT. The computed figure of 
30 MT, and by implication the air activity figure from which it was derived, is 
therefore of the right order of magnitude and in the absence of definite weapon 
information, no more than this can be claimed. 

The second part of the dose calculation, then, is based on an atmospheric con- 
tent of 10° fissions per unit column in early 1955 from the 1954 Pacific tests. A 
small factor of safety is introduced by assuming that deposition takes place at 
the rate of 20%. The computed integrated dose from the activity yet to fall is 
then 20.3 mr. Observations of deposition from the 1952 tests were too frequently 
interrupted for a similar calculation procedure to be adopted. It has been found 
experimentally, however, that at comparable times after burst the air concen- 
trations and deposition rates from the 1952 and 1954 test series are in the ratio 
of 1:3.6. The residual integrated dose given in Table III for the 1952 tests is 
based entirely on the calculations for the 1954 series, using this ratio. 

The figures for the Russian thermonuclear explosion in 1955 are based on tie 
Russian statement of the power of the airburst bomb as being in the megaton 
range. 

8.3.3 Hstimate of a Realistic Integrated Dose for U. K.—The estimated total 
dose received by a hypothetical inhabitant of the U. K. standing on an infinite 
plane is about 35 mr in the course of 50 years from all explosions up to December 
1955 (Table Ill); thermonuclear explosions account for about 30 mr of this 
total. In practice, only a small fraction of this estimated dose will be received 
by the average inhabitant of this country. Much of the activity brought down by 
rain will be washed into drains, particularly in built-up areas, or washed down 
crevices in the open country. This is particularly true of the activity from 
thermonuclear explosions, 55% of which is soluble. A factor of three to take 
account of this aspect would appear to be conservative. Much protection is 
provided by ordinary buildings against the gamma rays from the fission products 
which do remain in the surface of the ground. Measurements have recently been 
carried out at A. E. R. E. of the protection provided by a conventional semi- 
detached house against a uniform deposit of Co” on the ground.“ The average 
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protection factor was 20. It can be shown by calculation that the gamma rays 
from Co” are suitable substitutes for fission product gamma rays in this type 
of experiment. The protection afforded by multi-storey buildings could be greater 
than this but, to remain conservative, we choose a representative protection 
factor of seven based on the occupant of a semi-detached house who spends an 
average of 2% hours per day out-of-doors. This brings the overall protection 
factor to 21. A more realistic estimate, therefore, of the total dose to be received 
within the period 1945-1995 by the average inhabitant of this country due to 
deposition from all bombs exploded up to January 1956 is 1.7 mr. 

It is useful to calculate the probable dose per generation on the assumption 
that nuclear weapons continue to be exploded at the present rate for a very long 
time. Under these conditions, the dose within any 30-year period will build up 
to a flat maximum several generations hence. For the purpose of this caleula- 
tion we assume, arbitrarily, that all the fission products released up to 31st 
December, 1955 were released within a period of three years. It can be shown 
rigorously that if the dose to infinity from a single year’s explosions is X mr, then 
the 30-year generation dose in the equilibrium state will be 80 X mr. The 
calculations summarised in Table III have been extended to include the period 
between 50 years and infinity, and the total dose to infinity from all bombs fired 
to date is then found to be 56.5 mr for a person in the open. On the argument 
just described, it follows that the ultimate generation dose will be 565 mr under 
the same conditions. For the average individual (protection factor of 21) the 
estimated generation dose will be 27 mr. 


9. DEPOSITION OF SR” AND PU” 


9.1 Levels of 81° and Pu on U. K. Soil.—Since May ist 1954, rainwater 
samples have been obtained at Milford Haven by collecting the rain falling within 
successive three-weekly periods in a polythene funnel of area 0.22 m*. These 
samples have been analysed radiochemically for Sr9° by R. G. D. Osmond at the 
A. E. R. BE. Woolwich oustation, and the cumulative curve of deposition of Sr® 
is shown in Fig. 5 in units of milicuries of Sr” per square kilometre. ‘The level 
of 0.77 mc/km? in April 1954 has been deduced from previous gross fission product 
measurements, using an Sr yield of 4%. The mean rate of fall over the period 
May 1954-Marech 1956 is 2.3 mc/km?. 

Using our figure for the mean rate of deposition of stratospheric dust—12% 
per year—this implies that the ground content of Sr® due to bombs exploded 
before January 1956 will pass through a maximum of 14 mc/km’* in 1968. If the 
present rate of firing continues indefinitely, the Sr will build up to an equili- 
brium ground value of about 0.2 C/km’. 

By way of comparison, Eisenbud * has reported that the top foot of soil in 
U. S. contains an average of 0.4 C/km’ of Ra” and a similar figure is expected 
to hold for the soil in this country. 

The amount of Pu deposited: in the U. K., deduced from the gross fission 
product measurements, is found to be 0.08 mc/km’ in December 1955. . This is 
expected to rise to a value of 0.4 me/km? from bombs expleded up to the end of 
1955. If the present rate of firing continues, the plutonium content of the soil 
eh increase steadily and will reach a value of about 0.1 mc/km? for each year 
of firing. 

9.2 Levels of Sr®° and Pu239 in Rainwater.—The mean concentration of Sr9° in 
Milford Haven rainwater between December 1952 and December 1955 was 1.7 
vuc/litre. The mean concentration in 1955 was 3 wuc/litre and if the present rate 
of firing continues indefinitely an equilibrium level of 8 wuc/litre will be reached : 
in about 10 years time. The concentration of Sr” in drinking water is likely 
to be much below that in rainwater because of filtration and adsorption in soil. 
The occupational m. p. 1. for Sr®°° in water is 800 uuc/litre.6 

The average concentration of Pu’” in rainwater during the three year period 
ending December 1955 has been computed from the gross fission product deposi- 
tion figures, the value being .03 wyc/litre. An equilibrium value of .08 yyc/litre 
will be reached in ten years time if firing continues at the present rate. The 
occupational] m. p. 1. for Pu” in water is 3000 pyc/litre. 


10. THE PROBLEM OF Cc * 


From the official data on the nominal bomb given in the Effects of Atomic 
Weapons (°) it is safe to assume that, of all the neutrons which are not used 


148 Hearing before Joint Committee on Atomic Energy of U. 8S. Congress, April 15th, 19565. 
4 Libby, W. F., Radiocarbon Dating, Univ. of Chicago Press. 
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up in the fission chain reaction, not more than one escapes into the air ‘for 
every fission that takes place. Most of these escaping neutrons are ultimately 
captured in Nitrogen to form 5600 year C%. As an upper limit we may there- 
fore presume that one atom of C* is formed per fission. - This implies that about 
300 curies of C* are formed in a nominal bomb explosion. The estimated amount 
of 28 year Sr” formed at the same time by fission is 2500 curies. But since the 
m.p.’s for OC“ in air and water are greater than those for Sr® by factors of 
7X10° and 10° respectively (°), it would appear that the amount of C“ in the 
air presents a relatively minor hazard. 

The long-term effect can best be studied by comparing the amount of C* created 
in nuclear explosions with that which is naturally present in the world as a 
result of cosmic ray reactions. It follows from our previous assumptions that 
the present rate of firing is adding no more than .07% annually to the natural 
world content of C*. (*) The importance of this may be gauged from the fact 
that the natural C™ in the world contributes about 1% of the normal background 
dose to the human body. 

11. SUMMARY 


The size distribution of the radioactive dust particles in the cloud from a 
nuclear explosion depends both on the power of the weapon and on the manner 
in which it is exploded, whether on the ground, on a tower or high in the air. 
The larger particles fall to earth relatively close to the site of the explosion, 
but in every type of burst a considerable fraction of the total radioactivity 
generated is contained in fine dust particles whose rate of fall under gravity 
is small and which may therefore remain airborne long enough to diffuse 
widely throughout the atmosphere and affect large areas of the earth’s surface. 
These particles are removed from the atmosphere mainly by rain. 

The most important radioactive components of the dust are the numerous 
fission product nuclei which decay at various rates and emit both beta and 
gamma rays of a wide range of energies. As time proceeds the shorter-lived 
isotopes in a representative sample of fission products decay into insignificance 
in comparison with those of longer half-life, and after about eight years nearly 
all the gamma activity stems from the single isotope Barium 137 daughter of 
Caesium 137 which has a half-life of 30 years. The gamma rays from fission 
products suspended in the air or deposited on the surface of the ground add to 
the general level of background radiation and increase the external radiological 
cose to the human body. Some of the individual isotopes may enter the human 
body through biological chains and produce internal effects. The most.important 
of these is generally considered to be 28-year Strontium 90 which follows Calcium 
in biological systems and is deposited in bones from which it is removed very 
slowly. 

The amount of activity deposited in rain has been measured at Chilton, (Berk- 
shire) and Milford Haven (Pembrokeshire) since January 1951, by passing 
rainwater through filters whose radioactive content is then measured on a con- 
ventional Geiger counter assembly. There is no significant difference between 
the aggregate results obtained at the two sites. An example, given in some 
detail in the report, shows that the measured total deposition in the United 
Kingdom from the 1952 test explosions in Nevada is in good agreement with 
the very full data which the United States have published for the series. 

The atmosphere between 500 metres and 5500 metres above the U. K. has been 
sampled for radioactive dust about three times weekly since 1948 by attaching 
air filters to the aircraft which carry out routine meteorological flights from 
Northern Ireland. In addition, the air at ground level near Harwell has been 
monitored continuously since early 1952. . 

The records reveal one clear and important difference between the clouds from 
weapons in the nominal size range (similar to that exploded at Nagasaki) and 
those from the large thermonuclear explosions in the Pacific. It is found that 
the concentration of fine dust in the atmosphere from nominal size explosions de- 
creases in a regular and characteristic manner with time and that half the dust 
is removed by deposition in 22 days. The fine dust from a thermonuclear ex- 
plosion, on the other hand, enters the stratosphere soon after burst and from 
there it diffuses downward so slowly that only 10-20% of the dust is de- 
posited annually. Much of the activity from the 1952 and 1954 thermonuclear 
tests in the Pacific is therefore still in the stratosphere, and in order to determine 
the possible effects of these explosions in the U. K. it is necessary to form an 
estimate of this amount. This has been achieved by extrapolating the results 
obtained from systematic surveys of the radioactive content of the air between 
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ground level and 15,000 metres carried out in September 1954, February 1955 and 
September 1955. 

The gamma ray dose from each individual deposit of fission products has been 
ealeulated initially for the idealised case of an individual standing on an infinite 
flat plane. A protection factor of three has then been introduced to take account 
of the material which is washed into drains or is otherwise removed from the 
topmost layer of the earth’s surface. This factor is believed to be conservative, 
since about one half of the material already deposited has been found to be solu- 
ble in water. An additional factor of seven has been allowed for the shielding 
provided by buildings against the gamma rays from fission products. This figure 
has been derived from measurements carried out at A. BE. R. BE. with the gamma 
rays from Cobalt 60, and is based on the assumption that the average individual 
spends 2% hours daily out-of-doors. 

The individual doses have been summed, and the total external dose to be 
received by the average inhabitant of the U. K. due to material deposited on the 
ground from bombs exploded before 1st January 1956 is estimated to be 1.7 mr. 
About 70% of this dose is associated with material which has yet to be 
deposited. The dose due to debris suspended in the air near ground level is 
negligible by comparison. It has also been estimated that if weapons continue to 
be fired at the present rate for an indefinite period, the ultimate dose per in- 
dividual per generation will be 27 mr; this level will be reached in approximately 
100 years. 

The concentration of Sr” in the ground in the U. K. has been obtained from 
radiochemical analysis of the rainwater falling at Milford Haven. Based on the 
results of this analysis an estimate has been made of the possible future levels of 
Sr” in U. K. soil should weapon testing continue at the present rate for an 
indefinite period. 

All the important computed figures are given in the table at the end of this 
summary. 

Summarised results 


Gross Fission Product Activity 


in Air 
1, Mean conc. of aetivity in | 0.5 dpm/m3___...._2222222 2 Mean activity due to the natural 
ground level air (1952- RaB and RaC in atmosphere 
1955). : (measured at MHarwell)=128 
2. Peak conc. in same period-__| 25 dpm/m3_____._-_..-_-_---__-- dpm/m3, 
8. Mean Gamma dose rate to | 10-3 mr/year.....--..-.---.--. Peak value=1,800 dpm/m%, 


a person fully exposed to 
this radiation. 


Gamma Dose Ae Deposited 
Activity 


1, Estimated dose to the aver- | 1.7 mr. 
age person in U. K. ina 
Bort of 50 years from all 
ombs exploded before 


2. Metineiea equilibrium gen- | 27 mr 
eration dose, reached in 
about 100 years time. 


Strontium 90 


1. Mean cone, in air (1952- | 4x10-!6uc/cc (2x10-®mpl!)__.-__- 1, Mean cone. in drinking water 
1955). is likely to remain well below 
2. Equilibrium cone. in air | 2.4x10-5ye/cc(1.2x10-*mpl)_..-- that of rainwater because of 
(reached in 10 years 2). filtration and absorption by 
8. Mean conc. in rain (1952- | 1.7 puc/1 (.002 mpl)_..-..-- 2. soil. 
1955). 2. Top foot of soil contains about 
4, Equilibrium cone. in rain | 8.0 pye/1 (.01 mp])_----------_- 400 me/km2 of Radium 226, an 
(reached in 10 years). element with similar chemical 
5. Cone. on ground on 1.1.56_-._| 4.5 me/km?___.-...2-222-_-L ee properties to Strontium. 


6. Max. cone. on ground due | 14 mc/km? 
to bombs already ex- 
ploded (this will be 
reached in 1969 approx,). 

7. Equilibrium value, reached | 200 mc/km?__.........--------- 
in approximately 100 
years time. 





1 The m. p. |’s used are the occupational m. p. l’s recommended by the I. O. R. P. 
oe oo eiedesdit figures are those which will eittontaly apply if the present rate of weapon firing continues 
efinitely. 
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TABLE I.—Principle components of fission product beta activity at various times 
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TABLE II.—Basic daia on dose rates from deposited fission products 


[A: Deposit of Specific Activity 1 c/km? measured ee or fi B: Deposit of specific activity 1 c/km?2 measured 
a ay 
| 5 


Dose rate in pr/day | Integrated Dose in ur 
from deposits A or B between T & 50 years 





i) 
~ 
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Time measured from instant of explosition T from deposits A or B 
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TABLE III.—LHeternal gamma doses over 50-year period to an unprotected person 
in the U. K. 





Cumulative Dose in milli-réntgen 

















Ohilton Milford Haven 
Explosion Series = 
Ist Ist 
time | Resid-| otal | time | Res!d-| Total 
round round | U8 
NGCAdae SDR 1lu0les—: cee! Seen cores econ sot 0. 06 0. 10 O,16 1 See bp cease 0. 16 
Nevada and Russia, Autumn 1951_..-...----......22- 1,05 10 1,15 1. 06 0. 10 1,16 
Neyvade@uppring 1062is 2s Bae a sat scceaeeeeneescnn . 30 06 . 36 .33 .09 42 
Nevada spring 1003222 nF sauna oo Seo soe see ceneaces 1.13 .32 1. 45 on .3l . 66 
RUSSip eA TCI Na 00s cee cece en ene eee .29 09 . 38 ~26 . 09 34 
RVUSSIG PAU CRIN 1004. 2 oon Se een een eee aeee ne 238 18 . 56 wan 226 . 57 
INevaU se Spring 1005s ee See sandhaaeene cee . 20 . 08 . 28 .19 . 03 ap 
TTOtal from ADOVG: <casce = oe ee eee eee 3. 41 . 93 4. 34 2. 50 .87 3. 53 
Estimated dose from other explosions in same size 
1 PLOT.) Se ae pha | nl ae ae Bee are ee eee eee Se eee | ners Peed Lies Soe eee. | soe ee 1.0 
Total Integrated Dose from explosions in the 
MONMNALTANEE OL AIZCS=*2 oor ae as eee cos ees eee ees ee ja ens te Re 4, 53 
Pacific, 1954: 
Depositionid3-3-54-16:0: 5452 see. ecccecen | oc ccews|boncncae Piet) (Capua ae oy Wea a . 82 
HDLerOOlavOG. 20.90.0400 esp caceen oo cence ies case aoe age atte aces La a a ie VG . 92 
IDBPOSHION Ot pon Ole... en pene eee ena sae ees] coe eens Pe eee POS Ppeiee a est Be Pee 61 
IXGrADOLALCGA(DAED Gia.) eavcatancee nese ee suns ce es Neocon ke coeeee 2aOe | ossctar| 2 seco 20. 30 
Pacific, 1952: 
IDEDOSILION SLU 02-20.6.00c0~ bobo eae tae eel cenananloeaneeee Ae itt! ee ee ci ee ee a .16 
Residual, based on comparison with Eniwetok, 
CIR Wings lee aspera ro agin Saar Se ie ane Seem ULCER ( Ateere ees GalO pg Fees ee 6. 10 
Russia, 1955: 
Estimated, based on size as announced.-......--..-|_-------|-------- 4 ES | [eeepc spe oo pg Se rg 1.0 


| | ff | | — 


Tota Integrated Dose from thermonuclear - f 

SxpPlIOSIONS Ee fot i ere te Ss ORs Pee ee se ae Path rfoy | | pieae ae te ee ee 29. 91 
Total Integrated Dose from all explosions prior 

TOP sta teUUary 4 JOOS afer ee ee Sy Be oe oe eee SORE seaeee alse ee 34. 4 





1704 


RADIOACTIVE 





i. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1705 



























TO 
CCCs 
ann $ 
CCCP CCA 
OE NE 
SURGES SESEEEEEEE 
RECEE GEA ee ehh 
PERE EEE 
q ’ SuSse08 RSSESeSSne 
(1) Se Ieee 
x 
RCCL LELE Ee 
a BOCcec eee tee 
4 a rho eS 
bade ea a mea ri at aun hOGA AIse 
RISShLNe Be Pi a SOTER CEC eee 
EEE aieta ta SY. V“SG080 1SReeneneeeene a a 
(FF SeeeGRaaenaile Cosby sanee 
SS) Re eT tary 
3} tc wanna 
a AUSRe 
is = 
0 a 






















of 
g Se Eg 
Fol stecteceeestestects ae Seeeiastas 
Srepeenece couse ce sees seseneeQeSiaist oes EH 
or es tectestsziesastostastesecsassosteree EoHECHEE FEEL 
fc] 9 sees sous eeeeETeUEESsESSEESTSESESTE SEEDEEEaeue 
pol of Sessec tac deesesstastestastestestestectea testastestastestar 
cp Hesststeesesttcrectecitontareeteeeetease Hee ea rh 
ts GaRbas BHR aIToeaeas tt tt OB HH tt sae H 
AM Eestestectestestostactectectecteceectecte itecfesrestostact 
e cuee Srrestesdestastastarteses anaes Han apan SueeEe dre 
és aaen BOY B60 Ria ce A Oe Saeenn mbes 2 \ 









| Wil ee 
an Sass REE Sosoy darasevie See te bis 
os RweEDe EeSR ew Li aA Seesaw Bw 
ses Seseesetssaresseeeeeremt center eeproesccerasewsae 
1060 :  %00 tco } &00 ' 200 :} millibars 
e) ' 5 10 15 metres % 1000 


| Height above ground. 


1706 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 










SoeE TR MEN se INN FEF EY 
a 



















He TCHEUEEE EET EE EET Ef OP Bag ii cate nee " 
# can pepe Hy tT uur HHH HEU B72 

: ee 
ie eae iT HER ound 


78 
Stes toes 
» Ses Foye ts 
“ 
Tiebetee 
fe i aa seeto bee 
coeeh se ee 
‘ serebede 
i “ He sepebetee bere rte he 
5 shee tentpewerbobo bbe ete ’ 
ro serebererboetete ote 
te ph aeki ohe tee 
. 














O tao 





n_Neva 

















MPEP EL bth cath oe Pee 
PEED) Re eer Tne ee ELL 
on E et 











rAte ' 1 opted toe i : Ht 


















Te otc of para FF 

: ee MUTE AHHH HELE 
Ei SCA: ATEN 2 ETT 
i aremmeee aly = a HR aA 
*t us woe a ae ri AEE aan 8 
ere eee Ta Sn aan t 
JE aeece ETT ELE ae Atte fiz ; 
EE Oe | fe RH a fais 250 













’ ’ 
in He ay 
i] = 
eee 
= 
a Sa) 
ge 


frre oo ceebeley 


IN OY Papoig oesTy pai 






1707 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


jj sar] 


HHH | Bae Plt fi poppet ET a 4 he or U4 et jecasen: Spemeat, suing hin oer $ 
sae USES ES eager eee cy 
So nll-Seemite eee ae : sseeciit 
Sree sai = see Siseeeee pone a 
sepa 
aber ti 














toes . 

Pree petas 

: : 
ry 





Pred lt rc totaal i aH] 
oS: ed Hed LR Re Bee SOA Bel 
ea OB ae WP Be I bi 
dS ED PS BS 
sce EERE Et 
malts eet 
sae Af 
ames =i Pee ie 
rates 
aie oe a iH Ss 
mie 
t B 
BE aay iF i ws 
ir i 
rath +}: 
aco 


Se = Zane ppoes 


oie 
EEEREGE 
= 
E3 


ae 


—— TI = eS i ia) 
Sea E se BEE ree a catah : 
coe = Sa BREESE silat iE 
: Seee Sees eee uee 
Seite o SSH RU PEER Ea Sci pete HS 
——— = =e ; E as = 7 : Bier + 
phe Scaciaes ett lt geeceen i Ble 

SESEHSSES a : SH rep Sect seee sets iF 
Fi Se H 

= 

Ssectaiil 





sue HED 





ae 
SUSUR ARAEMESUENGREGGRASEQUAGER 


pe 
; 


GAnEEGRRBERREEEERESER 
BREESSRGSSE 


REETEQUADSESORZEEIED 











soea: a al 
ccc nll SP OuHiSeas eel EH EAN 
cane : - SEU 7 wy a 2 a ao 
eee rt ee 
Sass ruleset eas 
aisgictae ei dpe eesree ee etea reseee = eeae 


eeee © & & borat s e es es@eee ese & 


a 





oS 


00} 


as0p SATjojnuUN 


u 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


1708 





eee 
ite et aeeooe rads AE 
Ri 25 SB 


i CS et Br Be SneeeGaued ase wee i 
SeSUMeeoseeeoaeoRs (ane ee Ss 
Hatt a ee 

Sale fe fe et eg 


ao Gees anfaracts: ataitaga 
pete as is eomeee SSGuEaee 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1709 


A. BH. R. B. HP/R 2086 
RADIOSTRONTIUM FALLOUT IN BIOLOGICAL MATERIALS IN BRITAIN 


By R. J. Bryant, A. C. Chamberlain, A. Morgan, and G. 8. Spicer, Chemistry and 
'.- + . Health ‘Physics Divisions, A. DB. R. BE. 


1. INTRODUCTION 


The general problem of the nature and effects of fallout of radioactivity from 
nuclear weapon tests has been considered by the Medical Research Council (1956) 
in Britain and the National Academy of Sciences (1956) in the U. 8. Details 
of the physical geographical and meteorological aspects have been given by Eisen- 
bud and Harley (1953, 1955, 1956) Stewart et al. (1955 & 1956) and Libby (1956). 
Libby (loc. cit.) and Martell (1955 and 1956) have described the U. 8. work on 
the analysis of Sr®° in soils and biological tissues. Booker et al. (1956) have 
issued a preliminary report on the early results of the British work, and Bryant, 
Packman and Spicer (1956) have given an outline of the analytical method used 
at Woolwich for strontium analysis. : 

A variety of units have been used for reporting fallout data. It is best to use 
metric units where possible. The specific activity of Sr® relative to calcium is 
expressed in micromicrocuries Sr” per gram calcium and denoted by the letters 
8S. U. Thus, in soil, vegetation, milk or bone :— 


1S. U.=10-?2 curies Sr® per gram Ca 


The following physical data on the long range fallout from tests are relevant 
to an understanding of the uptake and distribution in biological tissues. 

(i) All nuclear explosions produce Sr® together with other fission products. 
The fission product activity is usually roughly proportional to the power of 
the explosion. Since Sr® and Sr® have gaseous precursors, they are not 
necessarily produced in the same physical form as the bulk of the fission 
product activity, and their distribution as between local and ‘long range 
fallout may be different. 

(ii) The physical form and distribution of the debris depends on the mode 
of firing and the power. In general, H bomb fission products are distrib- 
uted in smaller particles, are found higher in the atmosphere, remain there 
longer and fallout more uniformly over the earth’s surface than A bomb 

- fission products. 

(iii) The greater part of the cumulative fallout to date (1956) has been 
due to H bomb tests. The ratio of H to A bomb fallout is higher in the U. K. 
than the U. S. The ratio will increase in both countries with time, since 
much of the activity from H bombs already exploded yet remains to fall to 
earth, having a mean hold-up time in the stratosphere of the order of a decade. 
Fallout over temperate latitudes in the Northern Hemisphere is grossly uni- 
form except for an excess within a few thousand kilometres distance from 
test sites. 

(iv) Most of the fallout occurs in rain. 


2. OBJECTIVES OF PRESENT WORK 


Immediate objectives: 

(i) Development and verification of accurate and economical analytical 
methods for low Sr™ levels in soils and biological materials. , 

(ii) Determination of the cumulative deposited activity, by total stron- 
tium analysis of soils, for comparison with estimates from rainfall and other 
methods. 

(iii) Determination of current levels in human and animal tissues and 
food, on a sufficiently wide statitical and geographical basis. 

(iv) Observations of the trend of the above with time. 

Long term objectives: : 

(v) Investigation of the natural history of Sr in soils, and the uptake 
from soils to plants. 

(vi) Investigation of the foliar retention of fallout by plants. 

(vii) Investigation of the metabolic chain:—plants—animal tissue— 
milk—human tissue. 

The practical importance of objectives (v) and ( vii) is that this information 
is needed to enable present levels to be extrapolated to future conditions. 
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8. SAMPLING METHODS 


The British sampling was begun in 1954 in consultation with Dr. L. T. Alexan- 
der of the U. S. Dept. of Agriculture. The sampling was and largely still is done 
by the regional staff of the Ministry of Agriculture, Fisheries & Food. 

The two most important factors influencing the levels in biological materials 
were originally thought to be the amount of rainfall, as affecting the total fallout, 
and the soil conditions, as affecting the uptake from the soil to plants. It was 
not realised until later that foliar retention of Sr” might be the dominant factor, 
at least on some soils. It was decided to use the sheep for sampling animal bone, 
on the grounds of cheapness and range of habitat. 

Five farms were chosen, two in Suffolk with low rainfall and calcareous soil, 
and three in Wales with high rainfall and well leached acid soil. Details of 
these sites are given in Appendix Al, numbers 1 to 5. 

All the farms carried sheep grazing permanent pastures, but the system of 
management of hill and lowland sheep differs. On the hill farms in summer the 
animals range over the mountains, where the grazing areas are often small 
patches of grass on hillsides interspersed with bracken. The mountain pastures 
are usually not limed, and may be very deficient in calcium. In the winter the 
sheep may be brought down to the valleys, or sent away to other areas. Some 
hay or other supplementary feeding may also be given. 

The management of lowland sheep is different. Their grazing is usually 
controlled so that an area is cropped and then left to make new growth. In 
winter they may be folded over roots or beet tops, or given hay. 

It will be seen that the amounts of rainfall, types of soil and systems of graz- 
ing the sheep are all interrelated. It will not be possible to ascribe differences 
in the leveis of Sr in hill and lowland sheep to one factor or the other, until the 
underlying processes are understood." . 

The 1954 sampling system called for soil, vegetation and sheep bone samples 
taken in the spring or summer. The soil samples were in fact taken from the 
areas grazed by the sheep—in the hill areas from the mountain pastures—but 
the vegetation was from hay fields. This had two effects. 

(a) Hay in Wales is grown in the mountain valleys where the soil is less 
acid than on the hills, so that the soil conditions were not the same as for the 
sheep and soil samples. 

(b) Hay in Suffolk is exposed to foliar absorption during the whole of 
the spring growing season (2 to 8 months) whereas the grazing cycle on the 
pastures is 2 or 3 weeks. 

Thus, for different reasons, the hay samples in neither Wales nor Suffolk were 
representative of what the sheep were eating during the summer. 

The difficulties in arranging a simple but representative sampling system are 
apparent. In the circumstances it is perhaps surprising that the relative ac- 
tivity in British samples (i. e. the ratio of vegetation; sheep bone; milk; human 
bone) agrees as well as it does with that found elsewhere, (para. 7.6 below). 

In the 1956 routine sampling procedure, of which details are given in Appendix 
A2, the difficulties (a) and (b) above will be overcome by ensuring that the 
vegetation samples are from the same plots as the soil samples, and that the 
period of exposure to foliar retention of activity of the samples is similar to 
that of the actual pasture. It will not however be possible to distinguish the 
effects of rainfall, soil type, and grazing systems independently. 

The decision to take samples from Welsh hill areas has introduced many 
difficulties, but it has been valuable in throwing up at an early stage the degree 
of variation in results which must be allowed for in any policy decisions affect- 
ing fallout. 

Not much progress can be made with the long term objectives of the work until 
the relative importance of foliar and root uptake is understood. ‘To study this, 
4 sampling positions have been selected within 15 miles of Harwell, with approxi- 
mately the same rainfall, but on differing soil types. At each site grass is cut 
from the same area every 3 weeks, and the activity compared with the fallout in 
rain measured over the same period. It is also planned to do growth experi- 
ments using soil from these areas. The results from these investigations are 
not yet complete, 


1Had cattle been used instead of sheep there would have been the same sort of problem. 
though not perhaps in so acute a form. Milk cattle are rarely nowadays grazed on unim- 
proved soils, but the systems of management differ considerably in different areas. More- 
over dairy cows are often given cattle cake or other foods not grown on the farm, 
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Milk sampling in the U. K. has so far been confined to a regular sample of 
dried, skimmed milk from a factory at Yeovil, Somerset. Use of factory dried 
milk has the disadvantage that it is not referable to any particular pasture, 
but the advantage that the bulking process smooths out variations from farm 
tofarm. The samples are now being extended to other areas. 


4, ANALYTICAL METHODS 


4.1 Methods used in Woolwich laboratories of Chemistry Division A. BE. R. E.— 
All methods ultimately depend on the separation of active strontium, with added 
carrier, aS nitrate in strong nitric acid solution and include ferric hydroxide 
and barium chromate scavenges to remove contaminating activities. The sepa- 
rated strontium is stored in the presence of yttrium carrier for at least 14 days 
and the yttrium precipitated as hydroxide. The yttrium hydroxide is then con- 
verted to oxalate for mounting and counting. 

Strontium is precipitated as carbonate, mounted and counted after allowing 
the yttrium to grow in again. 

The method described above can be applied directly to bone ashes but for 
hay and vegetation ash and soil the initial concentration of the calcium and 
strontium in a suitable form (carbonates or phosphates) is necessary. 

Full details of the methods are given in Appendix B. 

Appendia B1. The determination of radiostrontium in soil by hydrochloric 
acid eaxtraction—This method is aimed at determining the total activity and 
carrier is therefore added at the extraction stage. The original work was done 
using 8M acid but 6M is now preferred. Using 3M acid, extraction of calcium 
tended to be low in some cases although there is no evidence that the total activity 
was not determined. 

Calcium and strontium are precipitated as oxalates from the extract, any iron 
and aluminum removed as hydroxides and the calcium and strontium finally 
precipitated as carbonates to which the nitric acid method is applied. 

Appendix B2. The determination in soil by fusion with sodium hydrozide and 
sodium carbonate.—Initial attack with sodium hydroxide and subsequent addi- 
tion of sodium carbonate is preferred to fusion with sodium carbonate alone 
as a lower temperature can be used, the attack on the crucible is less and the 
melt readily disintegrates in water. After removal of silica from the insoluble 
carbonates, the method is essentially similar to that applied to the acid extract. 
Carrier is added to the soil before fusion. The maximum amount of sample 
which can be conveniently dealt with by this method is 100 gm. whereas 500 gm. 
can be used in the acid extraction. 

Appendin B38. The determination in soil by ammonium acetate extraction.—As 
the aim here is to determine strontium available to the plant, carrier is not added 
until the extract is separated from the soil. Calcium and strontium are precipi- 
tated as carbonates which are treated as in the acid extraction method. 

Appendices Bh and 5. The determination in animal and human bone ashes.— 
The nitric acid separation is applied directly. In the case of human bones where 
the amount of sample is limited and the activity low it is impracticable to measure 
the separated yttrium and the strontium + yttrium count is used. In a few 
favourable instances it has been possible to check the accuracy of this procedure 
by counting the separated yttrium. 

Appendia B6. The determination in dried milk.—Direct application of the 
nitric acid separation usually gives low strontium yields. The calcium and stron- 
tium carrier are therefore concentrated by an initial phosphate precipitation. 

Appendix B7. The determination in vegetable ash.—The ash is treated for the 
removal of silica and calcium and strontium precipitated as phosphates before 
the application of the nitric acid method. 

Chemical yields for strontium vary from 60-80% for bone, vegetable and milk 
ashes and high calcium soils and from 40-60% for low calcium Soils. 

The yttrium yields are about 95%. 

Work on this project is done in laboratories remote from others dealing with 
activity and specially reserved for this purpose. Frequent blanks are carried 
through the procedures to check the reagents, carriers ete. 

All results obtained using these methods in the Woolwich laboratories of 
Chemistry Division will be described as Woolwich (or W) results. 

4.2 Analytical Mcthods used in the Health Physics Laboratory, A. EB. R. E. 
Harwell.—In this laboratory the determination of radiostrontium is at present 
confined to vegetation, animal bone and milk samples. 
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The chemical methods used are based on the same principles as those used at 
the Woolwich Outstation and only differ in minor details. They are described 
briefly below: 

(a) The determination in ashed vegetation. 

The calcium and strontium are extracted from the ashed vegetation by 
three successive leachings with hot 6M hydrochloric acid. The iron and 
aluminum are removed from the combined leachings as the hydroxides, after 
which the calcium and strontium are precipitated as the carbonates and puri- 
fied by precipitation. Strontium carrier is added to the purified carbonates 
before the fuming nitric acid separation of strontium from calcium. Subse- 
quently other radio isotopes are removed by barium chromate and yttrium 
hydroxide scavenges and the purified strontium stored with yttrium carrier 
for 18 days. Finally the yttrium is separated, mounted as the oxalate and 
the decay followed. The strontium is precipitated as the carbonate, weighed, 
mounted and the decay followed after the yttrium has grown in, in order 
to determine the strontium”. 

(b) The determination in bone ash and milk ash. 

These are both treated in the same way and after the addition of strontium 
carrier, the fuming nitric acid procedure is applied directly. Otherwise the 
methods are identical with that for ashed vegetation. 

The counting methods are identical with those used by the Woolwich Labora- 
tories and described in the next section. 

The counters were calibrated independently and interchange of sources with 
Woolwich has shown good agreement. 


\ 
5. COUNTING METHODS (WOOLWICH LABORATORY) 


Precipitates for counting are filtered on 2.1 cm. filter papers in perspex filter 
holders. After suitable washing and drying the papers are mounted on alumi- 
nium trays using a dilute solution of Gelva (polyvinyl acetate resin). 

Three types of counter are in use. 

(a) An anti-coincidence set-up with special low background G.M.4. counting 
tubes (7mgm/cm? window) surrounded by a complete ring of 9 Type G.E.21 brass 
bodied guard tubes. The assembly is shielded by 4 inches of steel and the 
background is 0.4-0.5 cpm. depending on the G.M.4. tube. The total, coincidence 
and anti-coincidence counts are scaled and the accuracy of the anti-coincidence 
count is thus continuously monitored. The efficiency for counting Y” with 25 
mgm. sources is about 25%. 

(b) Three position anti-coincidence counters in which the background and 
two. samples can be measured. These are normally set to count one hour in 
each position and the individual hourly counts and total counts from each posi- 
tion are recorded. The counting tubes are either E.H.M.2 (2 mgm/cm* window) 
or special G.M.4 tubes with 13 Type G.M.5 glass envelope guard tubes arranged 
at 180°. The assemblies are shielded by 2 inches of lead and normal backgrounds 
and efficiencies for Y” counting are 


E.H.M.2 1.5-2.0 epm. efficiency c. 30% 
G.M.4 1.0-1.3 cpm. efficiency ¢c. 25% 


(c) Standard counting arrangement using E.H.M.2 counting tubes and 2 inch 
lead shield with a background of 7 cpm. The efficiency is about 20% and this 
set up has been modified to permit the direct counting of bone ashes. 

Type (b) is used for most of the work, type (a) being reserved for the lowest 
activities and type (c) for the more active animal bones. 

The counters are calibrated using virtually carrier free solutions standardised 
by the Isotope Division, A. HB. R.E. Suitable aliquots are taken, and precipitated 
with appropriate amounts of carrier, mounted and counted. From these results 
efficiency versus source weight tables (or curves) can be prepared which are 
used in converting cpm. to dpm. 

When significant amounts of strontium™ are present the Sr®+Y™ contribution 
in a mixed Sr°+Sr%+Y™ source is calculated from the Y” count and the 
Sr” count obtained by difference. 

With the exception of the results for human bones, the strontium™ content is 
based on the counting of the yttrium” source, the radiochemical purity of which 
is checked by following its decay. The decay of the mixed strontium and 
yttrium sources is also checked. 
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6. INTERCOMPARISON SAMPLES EXCHANGED WITH U. 8. 


6.1 Bone ash samples sent to U. S.—U. K. sheep bone ash samples, from 
yearling animals killed in the spring of 1955 were sent to U. S. and analysed at 
Chicago. Results of three laboratories (two U. K. and one U.S. ) are as follows, 
expressed in S. U. 


TABLE I.—Intercomparison of U. K. bone ash 


A. E. R. E. results 
U.K. Ref ete Ae! vy en oto ee UU. Sarestlis) 


Harwell Woolwich 


| 
| 


Uo ome EL BE es Ne ees ees eee er eer 3.0 13 31.4 
PeWeS ai p | Sect 0m swe 5 fis ae Sa ee ad as A ee a ea kd 12.7 15 13.1 
Bae Lie, 2 ee he SE ee eee ee Sern ee! 5.7 5.7 5.2 
SS oe Sn aE a ee a a a ES 56 59 60. 6 
ee eee nee a SME Sree ee eee Ieee Gaeeecn a tatens es 13. 4 17 18. 3 


1 Martell (1955). These results are also given in Libby (1956) figure 3b, but are there wrongly ascribed 
to 1954; 


Agreement is good, except for one sample. 

6.2 Intercomparison samples suplied by Health & Safety Laboratory, New 
York.—Samples of sheep bone, hay and milk ash, and also of soil, collected from 
the New York area in September/October 1955, have been analysed by the 
A. HE. R. E. (Woolwich Outstation) New York, Chicago and Pittsburgh labora- 
tories as follows, results being in S. U. 


TABLE II.—Jntercomparison of HASL samples 


Woolwich | New York| Chicago | Pittsburgh 


—_—— i a a a a a | | a | nt | a 





Sheepbone ba 4.sss Seto ese ckec oe ee rercce feces 5.6 5.8 4, 45 6. 98 
5.6 6.1 5.14 4. 45 
DE ayes ee a es eee he, Fe Pets i ae at 19.5 20) Bree ee sree 19.7 
Ue Papace tate Taen al SRliee Smet debi 17.9 
IVI oe eee earn nes Noe ee ee 3.1 aad 2.4 2.4 
3.0 77 a I |e akg 2.6 


Agreement on the bone, hay and milk samples is excellent, especially between 
the Woolwich and New York laboratories. 

On the soil Sample, Woolwich have given results as follows but results from 
the other laboratories have not yet been received. 


TABLE III.— Woolwich results on HASL soil cample 


Sr® activity 
Initial attack Sample weight %O0a 8. U. 
dpm/ft? | ppuc/m? 
NaQH+Na;CO; fusion_-.--....-..-- TOU OTs eee e, 2 rt oe 7 3 
QO CU eo oe cnet ok ; 0 1 24 
2500 ml. 3M HCl_.......-.--.----- Fo ES eae 0. 24 580 2850 26 


7. RESULTS ON U. K. SAMPLES 


A check list of results on all British samples on which analysis is complete 
(whether analysed in the U. K. or the U. S.) is given in Appendix C. 

7.1 Soils—The 1955 soil samples have been analysed at Woolwich, by three 
methods, ammonium acetate extraction, hydrochloric acid extraction, and fusion 
with sodium carbonate. The agreement on total Sr” between the last two 
methods is very fair, taking into account the low specifie activity (20 to 50 
dpm/kg soil) and the presence of some activity in particulate form, which makes 
it difficult to ensure that samples are representative. 
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There seems to be significantly more total Sr9° in the top 4’ of the Vyrnwy 
and Cwmystwyth soils than in those from the Suffolk stations. This may well 
be associated with the high rainfall (see Appendix A), but it must not be for- 
gotten that these soils are very well leached. Stewart et al (1956) have meas- 
ured the Sr%° fallout in rain at Milford Haven, Pembrokeshire over 3 weekly 
periods since the spring of 1954. Without assuming anything about the absolute 
levels found, their curve can be used to normalise soil estimates at different 
dates in 1955 to a fixed date which will be taken as ist October, 1955. The 
U. K. soils were sampled in late March and early April. The factor of increase 
on Stewart’s curve between ist April and ist October is 1.5. In Table I the 
results of the 1955 U. K. soil samples (fusion and HCl results averaged) from 
Appendix Cl are multiplied by the factor 1.5 and compared with three sets of 
results on U. S. soils, namely :— 

(i) The soil taken at Ithaca N. Y. in September, 1955, depth 0-2’’, by 
HASL for intercomparison purposes. The Woolwich results on aliquots of 
this soil were given in para 6.2 above. 

(ii) The 17 U. S. soils (0-2’’) sampled between 23rd September and 
20th October, 1955 and analysed for Sr® by HCl extraction by Hardy and 
Morse (Libby, 1956, Table 6). The mean of these samples was 2800uuc/m* 
(578 dpm/ft?) and the two New York samples among them averaged 
2200upuc/m? (450 dpm/ft’). 

(iii) The 6 Illinois/Wisconsin soils sampled by Alexander in late Sep- 
tember 1955, extracted with ammonium acetate at Beltsville and analysed 
by Martell (1956) with mean Sr” activity of 4800+900upnce/m* (970180 
dpm/ft?). These soils were sampled to depth 8’’, 80% of the activity being 
found in the top 2’’ of unploughed soil. 


TABLE IV.—Sr™ in soils at 1st October 1955 





Annual Sr” activity 
rainfall Soil depth 
(inches) 

puyuc/mas mc/mile? 





U. K. Measurements: 


Cwmystwyth) @°V WInwWy, 2-5 cadence 80 0-4’’ 4000 10.0 
‘Palearilyes ot noose ee woe ecescsupes-ceneter cease 35 0-4” 2500 6.5 
Soffolke tt == Gs 0s ia eo eee chee eel. be aoe 25 0-4” 1300 3.3 
Thanh cy oe ae tees ee dacnectetacane cose 42 0-2’ 8070 8.0 
U. S. Measurements: 
HB 79, 9g) 8 Sa Te a ek a a a hf By ce m t 0-2” 28090 Y By 
NoweNiork. 26 ssed2e. ee ae RL oe ee oe 42 0-2’" 2200 5.7 
big ots 18 Poca SM Rat Sai ler TT tees Ss Desig Men 33 0-8” 4800 12, 4 





There is good agreement between the total Sr” in the top 4’’ of Cwmystwyth 
and Vyrnwy soils and the absolute value of the cumulative rainfall activity at 
Milford Haven, Pembrokeshire. Stewart et al (1956), give the total correspond- 
ing to 1st October 1955, as 4100 uuc/m? (10.5 me/mile’). However, the profile 
of Sr” activity in the Welsh soils is so far unknown, and too much reliance can- 
not be placed on this comparison. 

7.2 Vegetation Samples.—The results are given in Appendix C2. To express 
the results in 8S. U. (uuc/Sr” per gram Ca) is appropriate as long as uptake from 
the soil is considered the major mode of contamination. When foliar retention 
is considered puc/kg or uuc/m’* of ground are sometimes more helpful units. 

The notable feature of the 1955 samples (D4 to D13 and D20) was the unit- 
formity of the results as between samples, despite the widely varying geographical 
and soil status of the sites. With two exceptions, all lay in the range 25 to 53 
S. U. All were mature hay samples and therefore all had approximately the 
same period of growth and exposure to fallout. 

The five samples D14a to D18/2 were taken at Chilton, Berkshire, where the 
soil is very calcareous (circa 100 grms, Ca per kg. soil). Rough grass, some of 
it dead, was collected from an ungrazed area of the former airfieid. The activity 
ranged from 24 to 64 S. U. as compared with a S. U. value in the soil of about 
0.2, thus strongly suggesting foliar retention on the dominant mode. About 25 
percent of the vegetation activity was removable by washing with distilled water. 
Expressed per unit area of ground, these samples ranged from 50 to 85 pyuc/m’. 
From the rainfall measurements of Stewart et al (1956) the rate of fallout of 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1715 


Sr” during the early spring of 1956 was about 200 puc/m’/month. The Chilton 
results could therefore be explained without reference to soil uptake if, for 
example, 25% of the fallout was retained on the leaves for an average period of 
about 6 weeks. 

Samples D24A and D25A were taken at similar airfield sites after the new 
season’s growth of grass was available. The levels in terms of S. U. are a little 
lower than those of the preceding samples. In terms of wuc/kg and puc/m’ they 
are considerably lower, reflecting the lower calcium content of the spring flush 
of grass. 

Samples D21 and D22 were taken at Cwmystwyth from a hillside sheep run 
similar to that on which the sheep B6 and B10 had grazed. The season was late, 
and the grass sparse. The activities of 370 and 510 S. U. found in the grass are 
in about the same ratio of 10:1 to the general level at that time as were the 
sheep bones taken in 1955 from Cwmystwyth to the general level in sheep bones. 

7.3 Shecp bones.—The results of Sr” analysis on 21 long bones from British 
sheep are given in Appendi-: C3. 

The results for lowland sheep in 1955 and early 1956 were fairly uniform, the 
range of 8 samples being from 7.5 to 15.4 S. U. and the median 14 8. U. This 
compares With 15 S. U. estimated by Martell (1956) for the Chicago area in late 
1955. 

With hill sheep the results are more variable, levels as high as 59 and 183 
S. U. (Cwmystwyth) 35 §. U. (Welshpool) and 65 8. U. (Haslingden) having 
been found. As shown in the Section on sampling, it is not yet possible to say 
what weight to attach to excess rainfall, soil type or grazing habits in contri- 
buting to these results. 

7.4 Milks—Seven samples of dried milk made at a factory at Yeovil, Sumer- 
set, during the period March-July, 1955 have been analysed at the Health and 
Safety Laboratory, New York Operations Office, AEC, through the kindness of 
Dr. J. H. Harley. The mean level was 3.2 8. U. and this compares with means 
of 2.5 and 3.3. S. U. respectively for New York and Chicago milks over the same 
period as deduced from Libby (1956, Figure 1c). Similar samples dated April, 
1955 and March 1956 respectively analysed at Harwell gave 4.3 and 3.8 S. U. 

In samples from all three localities (New York, Chicago and Yeovil) there is 
evidence of a peak of Sr” activity in May and June 1955 (fig. 1). Fallout was 
relatively heavy about this time, and the effect of this may have been accentu- 
ated by the change in the feed of the cows from hay and similar stored foods 
to open grazing at that time of year. 

7.5 Human bones.—28 British human bone samples dating from October 1955 
to February 1956 have analysed at Woolwich to date. Details are given in 
Appendix C5 and a graph of activity against age at death in Fig. 2. 

The earlier samples were mostly ribs, but in future femurs will be used when- 
ever possible. Geographically the samples are mainly from the Midlands and 
South East of England, with a few from Carlisle to represent the West Coast. 

The highest value found so far is 1.3 S. U. in an eleven weeks old child 
(Carlisle), closely followed by 1.2 and 1.18. U. in two Birmingham one year olds, 
and 1.05 S. U. in a 3% year old from Dudley. Bones from one stillborn infant 
have been analysed, and gave 0.45 S. U. 

Adult bones show consistently low values of 0.2 8S. U. or less. Much of the 
calcium in adult bones was of course laid down before fallout became significant. 

The range of levels in British bones is almost indistinguishable from that 
found in the U. S. and reported by Libby (1956). The maximum in his series 
is 1.7 §. U. with several others just over 1 8. U. Two 1955 stillbirths from New 
England show 0.4 and 0.5 8. U. 

7.6 Relative levels in vegetation, bone and milk.—The results of three series 
of samples are given below, median values being given except for the child, for 
which the maximum is used. For comparative purposes the results have been 
normalised to make the vegetation level equal 100, but the results in S. U. are 
also given in parentheses. 

The three series are: 

(1) U. 8. results of October 1953, as given in Table I and If of Bugher 
(1955) and in Table 1 of Libby (1956). 
(2) U. K. results of 1955 
(3) The New York samples of September/October 1955, referred to in 
paragraph 6.2 above, with human bone results from Libby (1956). 
Also for comparison, experimental results of Comar (1956) are included. 
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TABLE V.—Ielative Sr/Ca ratios normalised to vegetation=100 


[S. U. values in parentheses] 





Vegetation | Animal Milk Child Stillbirth 

bone (max.) 
(PIO RSRLO5S es. eee eee ee be eee 100 30 16 8 1.4 
. (9) (2. 7) (1. 4) (0. 7) (0. 13) 
(2) “WES 519055; ee ee. ae Steen De eee eee 100 28 ad 2.0 
(20) (5. 6) (3. 0) (127) (0. 4) 
(3) TUR Keo bie ae See eee 100 40 9 3.7 1.3 
(35) (14) (3. 3) (1. 3) (0. 45) 
Comar, (exptl)- 22-5 ae eee ee eee 100 37 1 (Beaks, oa tke ate es 


8. SUMMARY AND CONCLUSION 


The good agreement between independent determinations by different labora- 
tories (paragraph 6) shows that the analytical methods of determining Sr” 
in biological materials are adequate.. The error is small in comparison with 
the biological variations between samples. 

The soil determinations cannot yet be considered final, but it is unlikely 
that the estimation of total Sr® by the hydrochloric acid and fusion methods is 
seriously in error. 

There is good evidence that from the spring of 1955 onwards the levels of Sr” 
in biological materials in the U. K. and the U. S. have been similar. This is 
particularly true of milk samples and human bones, but appears also in the 
results for animal bone and vegetation. 

As Libby (1956) has stated: 

“A Sr” fallout probably derived from megaton weapons and nearly uniform 
over the world, except for local effects due to rainfall variations and to fallout 
from submegaton weapons, seems clearly established.” 
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APPENDIX Al 


Principal U. K. sampling sites 





Total Ca 

No. Site Soil in soil | Altitude | Annual 

gms/kg (feet) rainfall 

dry wt. (inches) 
To warlsonemupuolk Si BOlienciaya 5 Pepe ot 16 90 25 
2 | Boulge Suffolk__..__-.. DAML V Clay sone esate ee et 3 120 25 
3 | Talgarth Brecon..._-_.. Free draining soil on old red sandstone__ 2.0 1,050 35 
4 | Cwmystwyth Cardigan_} Peat on shale (free draining)___....____- 0.3 1, 200 80 
5 | Vyrnwy Montgomery_-.| Peat on shale (free draining) __...________ oie ol 0 78 
6 | Boxworth Cambridge-.-_.| Dark brown loam with chalk particles___}-_.-----_- 157 29 
7 | Norwich Norfolk______- Sanwyilosm with gravel 2228 Vee eer ee eat 85 25 
8 | Princetown Devon. .-_-- Sandy neat oneranite 1. Ses oe Pe 1, 300 85 
9 | Rookhope Durham..--- Peaty sandy loam with podsol....-...._|....._..-- 1, 600 56 


Notre.—All these farms carry sheep on permanent pastures. Nos. 1 to 5 were the original (1954) sites. 
From 1956 onwards Nos. 4 to 9 will be used, supplemented with additional samples as required. 


APPENDIx A2 


DETAILING OF SAMPLING PROCEDURE 


1. Soil and vegetation 


Samples or herbage and soil will be taken in the first fortnight of July each 
year, beginning in 1956. Half acre sites will be used on the chosen sampling 
farms, the same half acre being used each year. 

Grass.—On the half acre, 10 plots, as near to one square yard as possible will 
be selected. The grass from each of the 10 plots will be cut with shears to 
about “lawn-mower” length, i. e. short enough to get the vegetation that a sheep 
would graze but long enough to avoid contaminating the grass sample with soil. 
The grass from the 10 sites will be bulked. If the bulk sample falls appreciably 
below 5 lbs. in weight, more yard plots will be cut, the total number being 
recorded. 

Mat.—After the grass has been cut, a core of any grass mat there might be 
present will be taken from each of 10 plots, and bulked. A sampling tool will be 
used giving a 4’’ diameter core. 

Soil.—A 4'’ deep core of soil will be taken from the spot where the mat had 
been removed. In practice, a core of mat and soil exceeding 4’’ in depth may 
be taken, the mat removed and kept separate and the top 4’’ of the core re- 
tained as the soil sample. The sample from the 10 plots may be bulked. The 
exact surface area must be noted. 

In each future year, new square yard plots as near as possible to the original 
plots, but not overlapping them, should be chosen. 


2. Sheep 


The sheep to be taken should be in the region of 15 months old. It will have 
to be accepted that some sheep would spend part of their lives on pastures pos- 
sibly remote from the sampling site. It is important, however, that the sheep 
should have spent at least the last few months in grazing pastures on or near 
the sampling site. Long bones only will be required. 

Bones should be cleared of surface meat but need not be otherwise treated. 


8. Other information 


Samplers will be asked to provide: 

(a) Details of terrain, rainfall, etc. 

(b) Details of sheep management (i. e. whether sheep had grazed in sampling 
pasture continuously, and breed). 

(c) Photographs of the site, and a “close-up” of the herbage. 


4. Other matters 


(a) Reasonably level plots should be chosen for herbage and soil samples. 

(b) The plots need not be fenced off in any way unless the yield of grass per 
square yard is likely to be less than % lb. In any case, cages should not be put 
in position more than 3 weeks before the sampling. 

(c) Sites should remain unploughed for at least 5 years, 

me e * * % i = 
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APPENDIX O 


Oheck list of results 
SOILS 





Br activity to depth 4” 





Ca in 
Ref. Date District soil NHiAc HOl Fusion 
enis/ke| 78). eaten 


ppc/m? | §.U. | pyc/m? | 8.U. | pyc/m? | 8. U. 


| | | | | | | | | 




















Earl Soham_-__--.- 26 370 0.7 210 0.15 150 (he 
Earl Soham__.__- 16. 5 27 0.8 440 0.7 440 0.7 
Earl Soham_____.- 16 <410 <0.9 &80 0.6 1020 0.7 
Ear] Soham____-.- 8 310 0.6 690 0.9 <240 0.6 
Boulcere eos 3 <930 SONG 1300 3.3 1000 Pad 
Ear] Soham_-. 2. 26 580 0.7 510 0. a 780 0.2 
0. 16 
Earl] Soham-_-_..-_- ll 490 0.8 $20 0.8 1000 1.0 
VV TILW yt eee y4 1700 16 2°00 22 2°00 yo4 
Vornwy.. ree 2 1300 11 2500 | 16 2600 18 
Cwmystwyth_-___- 0.3 1300 | 160 2300 | 150 2500 170 
Cwmystwyth-_---- 0.3 1500 280 2800 | 159 2700 170 
180 
Malvarthessesseees 2.5 j1 0 6.9 2000 8.1 1300 4.9 
NotTe.—1000 pue/m?=1 me/1m?= 2.6 me/mile?= 204 dpm/ft?, 
VEGETATION 
Sr Activity 
Ref. Date | District of sampling | Sample Lab Remarks 
S. U. | wue/kg| wpc/m? 
UiKi/Dizecees 8/54 | Earl Soham Suffolk_.}| Hay____| 5.8 stihl pe ett | H 
iDP Re 9/54 | Talgarth, Brecon__._- Hay--.- 7.8 10, jae $o24 H 
axes 6/55 | Boulge, Suffolk__.._- ET avieeee te bo 140, tate te H 
5 see 6/55 | Boulge, Suffolk__.--- Hay-...}. 43 J10=| Su Ae H 
BY an ates 6/55 | Boulge, Suffolk____-- Hay ra) |S aes eae H 
Diipeeeee 7/55 | Earl Soham Suffolk_.| Hay_.--} 5.5 2A. eee oe H 
BB ho }eaetepe 7/55 | Earl Soham Suffolk_.| Hay_.._] 29 TOs |S H 
Dose 7/55 | Earl Soham Suffolk__| Hay__._} 25 100, |Z 228 H 
DilL0e se 7/55 | Earl Soham Suffolk__| Hay___-} 33 120 Spee aes H 
D1be2 3s. 8/55 | Vyrnwy, Montgom- | Hay--..| 35 D0 ule 15h 
ery. 
Pigs 8/55 | Vyrnwy, Montgom- | Hay--..-| 51 Soon | eee sees H 
ery. 
Digs 8/55 | Cwmystwyth Cards_| Hay-__..| 53 210 a eer H 
1D es 8/55 | Talgarth, Brecon_--_- ia y ae Sor eee a a eee H 
D14A-._-.| 12/55 | Chilton, Berks____-_- Grass ae | 2a eee) eee H | Rough grassland, in- 
D14B...| 2/56 | Chilton, Berks Grasses} 40) 28] ee ee Sb) ell cluding dead grass 
D16/3._-| 3/56 | Chilton, Berks Grass_.| 64 490 80 | H from previous year’s 
D17/2...| 3/56 | Chilton, Berks__-_..- Grass__| 61 360 yaya! growth, 
D18/2...| 3/56 | Chilton, Berks__-.-.- Grass__| 44 380 60| H 
D24/A..| 5/56 | Oulham, Oxon_------ Grass__} 41 165 21 | H | Rough grassland, 
D25/A..| 5/56 | Ohilton, Berks__----- Grass_.| 37 185 1) eel new growth. 
1 DY bed aes 4/56 | Cwmystwyth Cards_} Grass__| 370 1010 84 | H | Sparse grass from 
D22=—5 4/56 | Owmystwyth Cards_| Grass__| 510 1100 290 | H sheep run. 
Use 9/55 | Ithaca, N. Y....----- dye Exteel O97; sree Sat See -| W | Intercomparison 


sample, 
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SHEEP BONES 





Sr? Activity (S. U.) 
Ref. Date Age District of origin Remarks 








(years) 
Woolwich | Harwell 
UK/Bt-3---_-- 3/54 1| Earl Soham, Suffolk..._-....- 1.9 1.4 | Lowland farm, 
Be. F.2 3/54 1 | Earl Soham; SUMO eauae eee 1.7 1.2 | Lowland farm, - 
Oo % Bae 3/55 1 | Boulge, Suffolk. .......------- 13 3 | Lowland farm. 
| ee ae 3/55 is) Boulge; Suffolk- = 2-220-.-.3.- 15 12.7 | Lowland farm, 
i= oe 3/55 1 Talgarth, Brecons Ses Hi etd 5.7 | Hill farm. 
(ing eee 3/55 1 | Cwmystwyth, Cards_.._.-..-.- 59 56 Hill farm, 
(ee 4/55 1] Vyrnwy, Mongtomery-------- 17 13.4 | Hill farm, 
bt: py eee A/55 \oedecec= U.S. Ohlocan don Sy ee Fel aly ae 
ie cae 4/bon | oecet on USS (Alexander). 22258. 3 CPT Pee. a 
ii!) ee 10/55 V7/12 | \Gwmystwyth;, Cards---22 8-2-5. Fs 183 Hill farm. 
Cy ae 12/55 16/12 | Welshpool, Mont_..-...---.-- Oe Nine od oa. Hill farm, 
Teese 12/55 10/12 | Melbourn, Cambs_-_-...------ 1 he ll Lowland farm, 
B14 Jo... 12/55 18/t2°} ©lun, Shropshire............22 1507 *beezececy: Hill farm. 
tks Cai 1/56 9/12 | Petworth, Sussex__....--.-__-_- y Kase OF a ae Lowland farm. 
BIG: 2. 2/56 10/120). Crott; Leicester: s 22 =e =e. 13) Obed ce ee Lowland farm. 
0: ty ieee 2/56 9/12 | Market Harborough, Leics__-- 15.3 16.2 |. Lowland farm. 
oR LSt 2. 2/56 12/12 | Petworth, Sussex.-.-....-.-:-- 15.6 16.6 | Lowland farm, 
i 6s cs) Oe 3/56 12/12} Grantham, Lincs-—..2-..-.-2.. (ee ee eee Lowland farm, 
B20L=.-22 4/56 12/124 Hasineden, Wancs2.o.. -s.e.-| soe ecoance2 65 Hill farm. 
Bale te 4/56 i2ye calivarth,) Brecon). 2cae2 eco s|ceeee etl 24 
. at O/55 |= 7/12 | Ithaca, N. Vu_-.20._-0-..-b.- AY iene So Intercompart- 
son sample, 
MILK 
Ref, Date | District Sr? ne, Lab Remarks 
Cl seer 3/55 | Yeovil, Somerset__-... i Sew meena es N. Y. | Some confusion over references of 
(075A ses Eeoe 3/55 | Yeovil, Somerset-_.-.-- Weegee INS: these samples, but all spring 
ela. Fae 4/55 | Yeovil, Somerset...... 2:0, 2.oLe INDY 1955, 
Oise 2/55) Yeovil somerset vae-s|oc ss... See fee 2528 
(Ch Gen S Gas 4/55 | Yeovil, Somerset__---- ose ees eee Nia. 
Cio Ss... 5/55 | Yeovil, Somerset___.-- Big eee eNs Ye 
O16 2 = 8 6/55 | Yeovil, Somerset__..-- Dibra Beene Ni ee 
Oho Rie 7/55 | Yeovil, Somerset__-.-- Ds eee See ee ee 
Oe. els Sea 4/55 | Yeovil, Somerset__---- il le * ae H 
10/55 | New York, N. Y...-... Sibo.0 sede WwW Intercomparison sample, 
10/55 | New York, N. Y------ Dopo leeesee EN: Ye. 
3/56 | Yeovil, Somerset..-_-- Bay ee aM H 
HUMAN BONES 
Ref. Date Age Bone District Sr® Activity ! 
(years) (S. U.) 
EB Biggs 3: 10/55 12 pS seeoe oe ee een aae PWindonatss see 0.2 +-0.05 
(EBs b-qee Sie 10/55 DIMMERS ee eee en ears SWangoee 2 secon S8 0. 15+0. 05 
REG o/s See 10/55 40 DSc eee eee ae S Winona a eas eee 0..05-L0. 05 
1. oe ae 10/55 SSI DS Sunee eeee oe cake eadiiipee os aeoent 0. 054-0. 05 
15 027i, SS 10/55 OM ress. scosenk meee cee ee PWN OOo one ke eae 0. 15-0. 05 
HBG Fes 12/55 V5 SEA gl SB Oe, 2 ee eee Binning harm 222s es 1. 20-40. 07 
ji ht y/ a. Selene 11/55 got best eR EY TLS Sa ce Spt ieee resding: — >>> 0.2 +-0.1 
HBSts 2 12/55 31 sD Se ee eee ete ee (b-ofey 20 be wees OP ibe vee 0. 06-0. OL 
HBOS =. 11/55 25 AWE ADSec cs tease eee Rex ee eee 0. 16+0. 08 
Bigs Ss 2 12/55 10 LDS ceeee eee eee Birmingham 22 ceee. 0. 5740. 03 
ici 3hh ae Se. 1/56 10/1 BMRA bs to eee ee ee Birmingham 3__...__-- 0. 76-0. 05 
1G MS Sb ile Setaeesil 1/56 1 RUDGE eo ees ete eS Birminehanv ess 1.1 +0. 03 
16 24) ae Se 1/56 Beet eR ADS. cen Ce ae ee Hudiey 2c. 9 ye eee 1. 05-0. 07 
Gh). 1/56 16345 eibia so. ce Be ee arlisiaws co eere nee se” 0. 25-L0. 02 
Le GsG lr oS 1/56 50 Wibiges ee ter Cee Carlisign: ceercs. cose ee 0. 06-9. 03 
1S ines GES Soaps 1/58 Ob te Tibia sss. eee Carlisigeesoe cee 0. 13-0. 02 
(horas. She 1/56 s/born | Sternum & Femur..-__-- Warlistas soe cee 0. 45+-0. 06 
ee See 2/56 16/122) Femurs = wee ee SEN dy Siw ye ee 0.8 +0.1 
ish: y1 ae Eee 2/56 S27 op ememur. bene ee eee eee REATUISIGo escort ok wee oe 1.3 +0.1 
glo See ' 1/56 Ege NR aA ec Beiae pela Bg Te yeti Drang ORs tee setae 0.1 +0.1 
leh. p2? Bees 12/55 18 ASL Gh Peper a ae fag at Lae dS Swindon... sees e 0.2 +0. 03 
WB? 2 an 12/55 A0.e|wRibS icc tteover esc Switid lisesseccusecues 0. 07-0. 02 
B26" £22. 225 12/55 BAe Ripe sae en See! DameticlOn sense = sce Sample lost 
re 26°. So 2/56 8/12 WibSs ccee een nee eee Birmingham occ cecs 0.5 +0. 2 
B27. eons 2/56 DES 251 a ees ere oe ope Birmingham. ...-....- 0.2 0.05 
Tiel By ned eae 1/56 ify | ee PONS ee ae Be eo Birm tie natn sete see 0.2 -0.03 
[Eh 9)! eee See 2/56 2be° femur...©..2.5..0.4--2 Birniingham 528. .--. 0. 55-0. 03 
]5 Wt Eee eee 2/56 1176)..5 aft. sg. s22s-.2.f Se Birmingham. -2 3 .. 2. 0. 15-0. 02 
(0 nT) is 2/56 O14). Renin ot 3. 6.-..L. 222 Birmingham........-- 0. 25-0. 02 
Bho Sas 2/56 Otel” Nomis = sss ae Birmingham. .......-- 0. 28-0. 02 
ie ee oe 2/56 Oi ac eed ota See ore Birmingham.--....... 0. 20-L0. 03 


1 The errors attributed to the 8. U. results are equal to twice the standard duration due to counting statis 
tics, and take no account of other sources of error. 
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A. E. R. BE. HP/R 2182 


ATOMIC ENERGY RESEARCH ESTABLISHMENT 


RADIOSTRONTIUM AND RADIOCAESIUM MEASUREMENT IN BIOLOGICAL MATERIALS TO 
DECEMBER 1956 


By D. V. Booker, F. J. Bryant, A. C. Chamberlain, A. Morgan, and G. 8. Spicer 


1. INTRODUCTION 


The methods used in the estimation of Sr.90 in biological materials, the inter- 
comparison of results between different laboratories and the results up to the 
early part of 1956 were fully described in A. E. R. HE. HP/R 2056... The present 
report gives further results for Sr.90, presents some data on Cs.137 in milk, and 
examines in greater detail the evidence for the trend of radioactive contamination 
with time. 

2. SR.90 IN SOIL 


An effort was made to get a reliable estimate of the total Sr.90 in soil, for 
comparison with the rain data of Stewart et al (1956). 

Three soil horizons (0-4’’, 4-8’’ and 8-12’’) were taken in July, 1956, at each 
of four sites within 15 miles of Harwell, but on widely differing soil types as 
follows: 


Se —  ——————E—E—E————e——ee———e—eEeEeEee———SE—EE_E—eEEEeee 








Annual 
Site Soil Rainfall 
(inches) 
GTOVO, ROIKS oo cco dadncsacasercmencconcnn=steswbeacee Gay ree cas ae secre gee ae 27.5 
Aldermaston, Berks. 2. 22-osss--o---s- se ease ceneeese== A cidusand) 22s: = eee 27.5 
Oulham AO xOuseeesse: see aeeeeeen a eeecnee ener === Greensand 3.02 222s ie eee 25 
Ohiltanpperks 4.22 [02.2225 2n sca eee teeaeenseaee = o-= Chalitvcs pyc d stance eaceaceeemen 27.5 


—eeeeeeeeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeESEeESEeEeESFSeSS 0 0 OD 


The soils were extracted with 6M hydrochloric acid at Woolwich. This method 
has been shown to remove as much Sr. 90 as it got by complete fusion of the 
soil (HP/R 2056). The results are given in Table I. 


TABLE I.—Sr. 90 in soil (July 1956) 


a 














Ref. Site Depth a Ca/ puc/m3 8. U. 
g. 

UKS6S=teecese (ALdermastOnesseccec neces aereresse= 0-4’’ 1. 60 2560 18. 6 
PAN Gerimastoneee ene tre an ean seeeee 4-8” 1.52 <150 <0.8 
eAldormastonetetsse eee oan eae 8-12”’ 1, 46 <50 <0.3 

OD Ss y/ po Pee Onlhianitern eee een ae eee 0-4” 3. 00 2530 8.0 
(OPS N ae Nan een ca See PORE MS Soh ee 4-8/" 2. 68 220 0.6 
Culkgii eres oe een ce 8-12" 3. 46 <150 <0.3 

UK35s22.....5- Grove ee eee 0-4’’ 39 1900 0. 66 
GONG ee ee eeceeees 4-8’" 17 270 0.18 
GOV a ee ea Se eee 8-12” 10 224 0. 22 

UK38_2eo-2ese Onbiltone eee sence cas eee ease eee 0-4” 156 2180 0.15 
Obie se Cee. See an eee era 4-8"" 185 <150 <0. 01 
@B GbE 20 0 tee eM te 2 ls tn A ee 8-12’’ 204 <150 <0. 01 





Where the sign < is used, the activity was less than the minimum measurable, 
The following deductions may be drawn: 
(a) at least 80 per cent of the activity is in the top 4’’. 
(b) There is good agreement in total Sr. 90 between sites. The nature 
of the soil does not seem to affect the degree of retention of the fallout. 
(c) The average level in this area is 2.5 mc/km? (6.5 mc/mi’). 


1 Circulated to the October 1956 meeting of the United Nations Scientific Committee on 
the Effects of Radiation with reference A/AC82/G/R30. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1723 


8. SR. 90 AND CS. 137 IN MILK 


The regular supply of skimmed dried milk from a factory at Frome, Somer- 
set * has continued. Some of the samples have been analysed at the Health and 
Safety Laboratory at New York, through the help of Dr. J. H. Harley, and some 
done at Harwell or Woolwich. In fig. 1a the results are shown in terms of the 
specific activity of Sr. 90 relative to calcium, using the unit referred to as the 
strontium unit. 

One strontium unit (S. U.) =One micro-micro-curie Sr. 90 per gram of calcium. 

Also in fig. la is drawn the graph of cumulative Sr. 90 fallout-in rain at 
Milford Haven, Pembrokeshire, given by Stewart et al (1956). The units are 
millicuries Sr. 90 per square kilometre. The trend of the figures with time is 
discussed below in para 6. 

In fig. 1b is shown the Cs 187 activity of samples from the same series. The 
Harwell results were obtained by gamma spectrometry of the dried milk, whereas 
the Woolwich results were by chemical analysis. The details of the gamma 
spectrometric method are given by Booker (1957). 

A series of samples of full cream dried milk from different regions in the 
U. K. was taken in October, 1956. The results of Sr. 90 and Cs. 137 analysis on 
these Samples are given in Table II. 


TABLE II.—S?7-50 and Cs-137 in milk (October 1956) 





Area Sr-90 Os-137 
uuc/gm. Oa. | puc/gm. K 
PET se ees a ene ee ee ee ee Care ee eee ee 4,6 28 
AY OF sshuiree — Setey f- Fag biel PA ees es ees OE ee ee ee 4,3 30 
O@umiberland. ess sasece sas eee Fo Bs ee eee cur dae 6.5 28 
COP DEg Cin ANCES OL oe pare. Bek tb So cap on a i rd a RT Pg So are a als SA RcIN IL ee 8.0 65 
PATE UR ETE ore pete eR ee, ee ae ee fo a me A cae eee oe 6.9 87 
Jondontlerry st: & fbb sega AT. Ot SO SO) ate ees 10.3 84 


Calcium is about 1.2% and potassium 1.4% of dried milk by weight. 

The Sr. 90 activity of 10.3 S. U. in milk from County Londonderry is similar 
to maxima of 10 or just over found in the U.S. (Harley et al 1956) and in Canada 
(Canadian submission to U. N. of October, 1956). 


4, SR. 90 IN SHEEP BONES 


Yearling sheep have been taken from three areas in Wales in each of the 
years 1954, 5 and 6. The sheep came from the same flocks each year, and the 
flocks were grazing the same pasture. The areas covered by hill sheep are 
large, and the exact soil conditions cannot be specified, but analysis of samples 
Showed that the soil was calcium deficient, especially at Cwmystwyth (HP/R 
2056, Appendix A1) 

The results of Sr. 90 analysis on the long bones of these sheep are given in 
Table III, and shown graphically in fig. 2. 


TABLE III.—Sr. 90 in bones of Welsh sheep (S. U.) 





Owmystwyth| Vyrnwy Talgarth 
Cardigan | Montgomery Brecon 


OLDE eka bio fly iamcatamnmmareen ae ppteeat I  pslnaesd eepehty Henn: eda Rieabaee Ltrs 18.8 tee 


1.5 
DOG Sent Sere bende cnn en serra so ene oh mre tiene oe 59, 56 17, 13 5.7, 5.7 
IME See Ge? So ee ee) et Be On Se pr mye Coma Boeke oy BN 170, 151 42, 40 24, 24 


The 1954 analyses were done in the U. S. Those of 1955 and 1956 have been 
done at Woolwich and Harwell independently, and in Table III the results of 
both analyses are given (Woolwich in the left). 


2The location was wrongly referred to as Yeovil, Somerset in HP/R 2056, but the milk 
processed at the factory is in fact drawn from an area of 20 miles radius round it. 


1724 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


In fig. 2 the cumulative fallout of Sr.90 in-rain is also given (this time on a 
log scale). It appears that the rate of increase of Sr.90 activity in these sheep 
has been approximately exponential, with an average increase of a factor 3 per 
annum, and has been about as rapid as the rate of increase of cumulative fallout. 

Bones fro 10 English sheep killed in 1956 have been analysed for Sr.90. Three 
hill sheep from Dartmoor, Durham and Lancashire gave 53, 71 and 61 S. U. re- 
spectively, showing that the relatively high levels are not confined to limited areas 
in Wales: Seven lowland sheep from south and east England showed Sr.90 
activity ranging from 7.8 to 15.6 8. U. Direct comparison with previous years 
was not possible, because the Suffolk flocks from which the 1954 and 1955 animals 
were obtained have been broken up, but the general level in lowland sheep seems 
little altered in 1956 compared with 1955. 


5. §R.90 IN HUMAN BONES 


Analyses of 21 bones additional to those reported in HP/R 2056 have been com- 
pleted and the results are given in Table IV. Work has been concentrated on 
the bones (femurs) of children, since previously it had been shown that they 
show higher activity than those of adults. The ages at death ranged from 2 days 
to14 years. 12 specimens from infants under one year of age averaged 0.62 S. U., 
5 from children of 1 to 4 years averaged 0.76 S. U. and 4 from children of 7 to 14 
years 0.27 8. U. 

Three specimens, all from 6 month old infants, showed Sr.90 activity of 1 8S. U. 
or greater, but none exceeded the previous maximum of 1.3 8. U. reported in 
HP/R 2056. 

The femur HB38 from a 14 year old boy was divided into four parts transversely 
before analysis. ‘The epiphyseal bone at either end showed double the specific 
activity of the centre of the shaft. This was to be expected since recently 
deposited calcium contains more Sr.90 than that laid down several years ago. 


TABLE 1V.—Sr-90 in human femurs (additional to those given in Appendix C4 
of HP/R 2056) 








Ref Date | Age at death District Sr-90 Notes 
(S. U.) 
SORe Jeet DOG el esse oeeee Herts 4-22 & eestas 0.5 
SO re ee SES 4i5Galoe Iso BUSSEX oo. a ore eee 15 
34:4. 6/56) 87 eee Surrey sat 2 ee .9 
35/1 ees Ss B/SGSEQ Yves oe hondonIstite. 22 .8 | Proximal end 
Ohigoe seen B/SO Vee coeccee— dl ie(09 0X00) Ghee range ease .8 | Distal end 
S692: Bex ses 4/56 inSiy 22k foe8_ = Middlesex. :.2.----- 27 
Side eee Hj SOgie Leryn LOngon =... se . 24 
36/1 ae Ey Tp ful Ee 9 ee DUITCY ence ee eee .20 | Distal subepiphysea 
38/2 seeeeee 5/56 Wr 14 yee sae DULLCY fate s--- oer e -17 | Distal plate 
S8/3 2s a 5/50nlel4y eed. foe Surrey 24. Sse ks .11 | Centre of shaft ‘ 
bc: Sa ye are DSO uel Va son one ULC Ves one etn ae .20 | Proximal subepiphyseal 
$9.2 443.8 G/oGj bo det a2 Se Mendon se. 2S 245 
AQ nist” Re 7 DOM CAO eee n= noe Kent oe oe eee 215 
DU Bip tae dost Sat oOnl es das ee fee WOndON x4 sc. 82nd. OD 
yi jas a rie at 7TOOn aol Ocoee oe a ONO tenes sage 8 
B5 Ma aces SB V/ DOPE oe los ee (ondon.. ee see ee .4 
44 eee TioOplpadiocececane SUSSEX te ee eee Broo 
Ah SPSS ee 6/5Ga| bones cee ee Tondon! Sc 1.1 
AG Ree he 6/S6reent. ec a Bucksss see se nO 
Cy heh en eae A CSGRIEO MM cose eens dlrnjateyaense. saree. B 1,2 
OA hae bese et CAR i yal NLS Ce pee Lancashire___-._..-- 1.1 
49 Sees WSO 2 :y.. eee Nid dleséx:.--- ss 75 
50. Jers 7/5626 yeas eee WSSCX sec eeweeces 70 
| A ee ee A fal a) ho SE pa SUSSEX Pee eee 64 
62S ee G56) ait eWeee ee ESS6Xo4ceSs2ece es 38 





6. TREND OF RESULTS WITH TIME 


It would be valuable if the rate of increase of Sr. 90 and Cs. 187 activity in 
biological materials could be correlated with the physical data on fallout rates. 
The following indications emerge from the data: 

(i) Milk.—There was a sudden rise in activity in the Spring of 1955 . This 
appears in Sr. 90 estimates in British and American data (of. HP/R 2056, fig. 
1) and applies to Cs. 187 as well as Sr. 90, This rise was probably due to a 
combination of two factors. 
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(a) An increase in the rate of fallout at that time, which is noticeable as 
a temporary increase in the slope of Stewart’s grapt reproduced in fig. la. 

(b) The sending out to pasture at that time of year of cows which had 
been given stored feed during the winter. 

Since the summer of 1955 the milk levels seem to have been rather steady both 
in U. K. (fig. 1) and in U. S. (Eisenbud, 1957) ; and the spring increase was not 
nearly so marked in 1956 as in 1955. The median of 9 Somerset samples in 1956 
is 4.2 S. U. as compared with 4.1 S. U. for 18 1955 samples. 

(ii) Sheep bones.—There is a sharp distinction in the U. K. results between hill 
sheep and lowland sheep. The Sr. 90 level in the bones of the Welsh sheep 
seems to be increasing about as rapidly as the cumulative fallout whereas 
animals from §S. E. England show little increase in the period 1955-1956. 

(iii) Human bones.—Samples are too limited in number and diverse in origin 
to allow of satisfactory comparison, but there is no evidence of a rapid increase of 
Sr. 90 activity in the last year. A considerable time lag between changes in the 
environment and in human bone must be expected. 

The tentative conclusion from the results so far is that Sr. 90 activity of tissues 
deriving their calcium from normal soils is increasing less rapidly than the 
cumulative fallout, and is probably more nearly proportional to the rate of fall- 
out. On very deficient soils the opposite apears to be true. 

These effects may well be correlated with the importance on very low calcium 
soils of the root as compared with the foliar method of uptake of radiostrontium 
to vegetation. 

7 SUMMARY OF 1956 RESULTS 


The range of 1956 Sr. 90 results, and the median values are given in Table Y. 


TABLE V.—S7r-90 in biological materials in 1956 


Sr. 90 activity (8. U.) 


Material No. of 
Samples 
ax Min Median 
LATBSOMACLOeNLUSOHS) reo ste ewes o ee td cucaaseeeeces 9 2, 180 113 870 
SETASS (NOMA SOUS) fen acs ol US Oe ae ee’ eee ae 27 85 23 40 
ne OeminenCillis) ze fool Se os eee whe. een 6 170 24 57 
Sheeproones (lowlands)... ..2-5---2202nc oc kaa 7 15.6 7.8 13.7 
TIDES RS eC sg fe eal peg la eee. mi are aes eld. liek ad 9 5.7 2.9 4.2 
Milk (Olhemareas)aceeest 2k ot eee ese bed cc eete 5 10.3 4.3 6.9 
EPEAT OOMOS (COLON). Se ese cee eta ecan ance ones eee 81 is 0.15 0. 55 
Leary re oper TN Cie (yk 7 | ees See ae, Se ees EF eS 8 0. 25 0. 06 0. 20 





_ The details of all the above samples have been given in HP/R 2056 or the 
present report, except for the grass samples, which will be reported more fully 


elsewhere. 
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Fig. 2. Sr-90 in Welsh Sheep Bones 
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APPENDIX 3 


A Report By THE WorRLD HEALTH ORGANIZATION ON GENETIC EFFECTS 
oF RADIATION 


LWorld Health Organization, Division of Public Information, Press Release WHO/11, 
March 18, 1957] 


GENETIC EFFECTS OF RADIATION 


WHO TO PUBLISH REPORT 


Throughout man’s existence on earth, he has been continuously bombarded 
by radiations coming from outer space, from radioactive material in the earth’s 
crust, and from natural radioactive elements within his own bone and flesh. 

The intensity of this bombardment is being notably increased, in our days, 
by man-made sources such as medical X-ray machines, radioactive material used 
in medicine, and also certain material and apparatus used in science, industry 
and commerce; artificial radioactive elements distributed by man in nature; and, 
to a minor extent, shoe-fitting machines, radioactive luminous compounds on 
watches, ete. 

Radiation has been demonstrated to be one of the agents which produces 
genetic mutation in a wide range of organisms from bacteria to mamma|]s, and 
a Group of 20 international experts was therefore brought together by the 
World Health Organization (WHO) in Copenhagen last August to discuss re- 
search problems connected with the effect of radiation on human heredity. 

This Group has produced a highly technical report which, together with a 
number of specialized papers prepared by certain of its members, is to be 
published by the World Health Organization within a few months. Advance 
copies of the text are at present in the hands of members of the United Nations 
Scientific Committee on the Effects of Atomic Radiation. 

“NMan’s most unique and precious possession is his hereditary material which 
must determine the health and orderly development of future generations”, 
states the introduction to the Group’s report. It goes on, “This Group is of 
the opinion that the well-being of the descendants of the present generation is 
threatened by developments in the use of nuclear energy and of sources of 
radiation.” 

The report states categorically that “additional mutation produced in man 
will be harmful to individuals and their descendants * * *” and that “ * * * all 
man-made radiation must be regarded as harmful to man from the genetic point 
of view”. 


Gaps in knowledge 

The WHO experts agreed that present developments in the peaceful use of 
nuclear energy should contribute much to man’s social and cultural develop- 
ment, and that therefore some risk must be accepted. They recognize, however, 
that if the dangers are to be minimized, “every possible step must be taken to 
reduce the exposure of man to radiations, and to understand the effects of 
exposure * * * Only in the light of more knowledge can decisions be taken to 
define more accurately the maximum amount of exposure which may be accepted 
by individuals and populations without risk of serious harm.” The Group 
therefore examined some of the “larger gaps in knowledge” as they appeared 
at the present time, and listed some thirteen fields of genetic research in 
which the need for further investigation is urgent. 


Cumulative effect 


There are strong grounds for believing that inherited effects of radiation are 
additive, the experts agreed. A small amount of radiation received by each 
of a large number of individuals can therefore do an appreciable amount of 
damage to the population as a whole, although the effects may not appear for 
a number of generations. It is therefore desirable to limit the accumulated 
radiation doses received by the sex glands of individual men and women, par- 
ticularly up to 30 years of age, in order to keep the average dose to the sex 
glands of the population as whole very low. 
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The most important sources of radiation to the human sex glands, the experts 
agreed, are at the present time from the natural radiation (normal level between 
2 and 5 roentgens per individual in 30 years) and from the radiation received 
by patients undergoing medical X-ray examination (probable average in cer- 
tain countries between 1 and 8 roentgens per individual in 30 years). If ex- 
posure during therapeutic X-ray treatment is also considered, the “total” 
exposure to a population might be greater. It is however difficult, the report 
states, to get sound data for estimating how much radiation due to therapeutic 
exposures is received by persons before the age at which procreation may be 
expected to be ended. 

In connexion with the danger of radiation from medical sources, one member 
of the Group pointed out in a paper that radioscopic apparatus, sometimes not 
adequately shielded, is to be found more and more frequently in the consulting 
rooms of general practitioners who do not have the necessary formal training 
in radiology. 


Artificial radioactive elements distributed in nature 


In a paper by Professor R. M. Sievert, of the Institute of Radiophysics, 
Stockholm (Sweden), which accompanies the report, some reference is made 
to artificial radioactive products distributed in nature as a result of military 
tests. Professor Sievert recognizes that the WHO Study Group was concerned 
with the peaceful use of atomic energy and the effects, for instance, of the future 
disposal of radioactive wastes from such peaceful uses. 

He points out, however, that it is essential to take into consideration the evi- 
dence obtained following atomic weapon tests, since such information is the 
best at present available for the study of problems in the field of artificial radio- 
active elements distributed in nature. 

Recent measurements from large samples of foodstuffs in Sweden, Professor 
Sievert says, have shown that foods such as milk, beef, corn and vegetables 
eaten today contain artificial radioactive elements with a radiation level in 
many cases exceeding that due to the naturally-occurring radioactive constitu- 
ents of animals and plants. It does not yet seem possible, Professor Sievert goes 
on, to estimate the radiation doses to human tissues, nor their distribution in. 
time, which are necessary data for drawing conclusions of biological significance. 

Professor Sievert believes that it is extremely difficult to predict what will in 
the future be the most important sources of radiation from artificial radioactive 
elements distributed in nature. 

“There is reason to believe that the problems of disposal of radioactive wastes 
will be satisfactorily solved and that precautions in the handling and use of 
radioactive material will be adequate”, Professor Sievert says, but goes on to 
‘warn that “accidents and unforeseen events may gradually spread radioactive 
substances beyond control; they could then follow unknown paths and be 
harmful to mankind in ways that would become known to us only after long 
experience.” 


Some conclusions 


In a section entitled “Some Conclusions” the Group’s report lists eight recom- 
mendations, including the establishment of more institutions and large univer-. 
sity departments concerned with human genetics and improved teaching in this 
branch; the systematic registration of serious hereditary diseases; and efforts 
by UN Agencies toward the collection and publication of information on sub- 
jects like fertility, consanguineous marriages and parental ages which are so 
essential as brackground in human biological studies. 

The Group was particularly impressed with the genetic hazards of man-made 
radiation from sources used in medicine, industry, commerce and experimental 
science. Both as an approach to control and as providing basic background 
information on radiation exposure and effects on man, it is essential, the experts 
agreed, that methods be found of recording exposures to individuals and popu- 
lations, however difficult this may prove. 





INFORMATION SUBMITTED BY THE WoRLD HEALTH ORGANIZATION TO THE UNITED 
NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION 


In the “Conclusions of the First Session” of the United Nations Scientific Com- 
mittee (A/AC.82R.10 of 27 March 1956) it was stated that “This year the human 
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geneticists will meet at a congress on human genetics. This opportunity should 
be used, with the assistance of the World Health Organization to seek advice 
about the possibility of setting up a standard of recognition for one or more clearly 
recognizable medical conditions thought to be largely or solely genetic in origin.” 

A statement describing the United Nations Scientific Committee’s request was 
made at a plenary session of the International Congress of Human Genetics 
held at Copenhagen in August 1956. There was no formal response to this request 
from the Congress itself. However, a Study Group on the Effect of Radiation 
on Human Heredity had been arranged by WHO so as to follow immediately after 
the International Congress on Human Genetics, and the President and a number 
of the members of the Conference took part in this Study Group. 

A reply to the request of the United ations Scientific Committee on the Effects 
of Atomic Radiation was formulated during the meetings of this Study Group 
and the reply is attached as document A. Since this reply is to a considerable 
extent supplemented by the report and working papers of the Study Group, these 
are also attached for the consideration of the Committee. 

The Study Group convened by WHO on the Effect of Radiation on Human 
Heredity was designed to have three objectives: 

1. To provide a small symposium of papers on the effects of radiation on 
human heredity. 

2. To formulate in simple terms the desirable lines of further research 
on the effect of radiation on human heredity. 

3. To give some recommendations in the particular province of WHO. 


Document A 


REPLY TO A QUESTION RAISED BY THE UNITED NATIONS SCIENTIFIC COMMITTEE ON 
THE EFFECTS OF ATOMIC RADIATION 


There are at the present time no convenient indicators of recent genetic damage 
in man, and standards which can be applied in widely separate areas for recog- 
nition of hereditary characters are extremely difficult to establish even in the 
best laboratory conditions. Nevertheless, new methods of recognition are being 
developed. Techniques are available for accurate identification of serological 
traits (e. g. blood antigens) and other chemical specificities (e. g. haemoglobins, 
serum proteins, aminoacids in urine, factors controlling clotting of blood). Oph- 
thalmological tests are also relatively exact but require co-operation of the pa- 
tient. Many hereditary conditions can only be correctly diagnosed post mortem. 
Thus it would seem inadvisable to make definite recommendations for standard- 
ization on a considerable scale at the present time. If however the urgency of 
the problem necessitates an immediate attempt to select a group ef “indicator 
traits” then, on the basis of experience te date, the following provisional list is 
suitable for setting up “standards of recognition”: 


Retinoblastoma 

Neurofibromatosis 

Aniridia 

Acrocephalosyndactyly 

Osteogenesis imperfecta 

Chondrodystrophie dwarfs of all kinds 

Haemophilia 

Sex-linked infantile muscular dystrophy (Duchenne type). 

It is emphasized that if “indicator traits” are used in the manner implied by 
the question, as many traits as possible should be used in the same area at the 
same time. At the same time variation in the sex ratio should be studied as an 
index of mutation. 

In setting up “standards of recognition”, human geneticists and appropriate 
specialist physicians should consult. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 173] 


Srupy Group ON THE Errect or RADIATION ON HUMAN HEREDITY 


Copenhagen, 7-11 August 1956 
Members: 
Dr. T. C. Carter, Radiobiological Research Unit (Medical Research Council 
ss Great Britain), Atomic Energy Research Establishment, Harwell, Berks, 
ngland | 


Dr. W. M. Court Brown, Group for Research into the General Effects of 
Radiation (Medical Research Council of Great Britain), Radiotherapy 
Department, Western General Hospital, Edinburgh, Scotland 

Dr. 8. Emerson, Biology Branch, Division of Biology and Medicine, US 
Atomic Energy Commission, Washington, D. C., USA 

Dr. N. Freire-Maia, Laboratory of Genetics, University of Parana, Curi- 
tiba, Parana, Brazil 

Dr. A. R. Gopal-Ayengar, Biology Division, Department of Atomic Energy, 
Indian Cancer Research Centre, Bombay, India 

Dr. A. Hollaender, Biology Division, Oak Ridge National Laboratory, Oak 
Ridge, Tenn., USA (Chairman) 

Mr. G. H. Josie, Research and Statistics Division, Department of Naticnal 
Health and Welfare, Ottawa, Canada 

Dr. 8S. Kaae, Finseninstitutet og Radiumstationen, Copenhagen, Denmark 

Professor T. Kemp, Universitetets Arvebiologiske Institut, Copenhagen, 
Denmark 

Dr. J. Lejeune, Centre National de la Recherche scientifique, Paris, France 

Professor H. J. Muller, Department of Zoology, University of Indiana, 
Bloomington, Ind., USA 

Professor J. V. Neel, Heredity Clinic, Institute of Human Biology, University 
of Michigan, Ann Arbor, Mich., USA 

Dr. H. B. Newcombe, Biology Branch, Atomic Energy of Canada Limited, 
Chalk River, Ont., Canada 

Professor L. 8. Penrose, The Galton Laboratory, University College, London, 
England 

Professor R. M. Sievert, Institute of Radiophysics, Karolinska Hospital, 
Stockholm, Sweden 

Dr. C. A. B. Smith, The Galton Laboratory, University College, London, 
England 

Professor A. C. Stevenson, Department of Social and Preventive Medicine, 
The Queen’s University of Belfast, Institute of Clinical Science, Belfast, 
Northern Ireland (Rapporteur) 

Professor O. Freiherr von Verschuer, Institut fiir Humangenetik der Uni- 
versitit Miinster, Miinster, Germany ; 

Dr. Bruce Wallace, Biological Laboratory, Long Island Biological Associa- 
tion, Cold Spring Harbor, Long Island, N. Y., USA 

Professor M. Westergaard, Universitetets Genetiske Institut, Copenhagen, 
Denmark 


Observers: 
Dr. R. K. Appleyard, Acting Secretary, Scientific Committee on the Effects 
of Atomic Radiation, United Nations, New York, USA 
Dr. R. A. Silow, Specialist in Atomic Energy, Agricultural Institutions and 
Services Branch, Agriculture Division, FAO, Rome, Italy 
Dr R. L. Zwemer, Chief, Division of International Co-operation for Scien- 
tific Research, Department of Natural Sciences, UNESCO, Paris, France 


Secretariat: 
Dr. P. Dorolle, Deputy Director-General, WHO 
Dr. M. Pizzi, Chief, Epidemiological Information and Morbidity Statistics 
Section, WHO 
Pr. I. S. Eve, Medical Officer in charge of Questions dealing with Atomic 
Energy and Health, WHO 
Two national committees reported in 1956 on the effects of ioniz ng radiation 
on man.’ Although difficult to compare in detail, these reports come to remark- 


1 United States of America, National Academy of Sciences (1956) Biological effects of 
atomic radiation ; Great Britain, Medical Research Council (1956) The hazards to man of 
nuclear and allied radiations, London. 
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ably similar conclusions as to the probable effects on the descendants of popula- 
tions exposed to increased amounts of such radiations. 

The emphasis in both these reports was, however, on trying to set Some quanti- 
tative limits to the risks in the light of existing knowledge. 

The purpose of assembling the Study Group whose report is presented here 
was essentially twofold. The first aim was to obtain the opinions also of au- 
thorities on genetics from countries, other than those whose national committees 
have already stated their views. The second was to have the opinions of a 
number of experts on an aspect relatively little considered in the national re- 
ports—namely, the lines of research which are needed in the light of present 
knowledge, to increase our understanding of the genetic effects of ionizing 
radiations on man. - 

The Group met, by courtesy of the Rector of the University of Copenhagen, 
in the Council Room of the University, from 7 to 11 August 1956. The agenda 
adopted was intended to permit exploration of the views of the members on the 
thecretical and practical difficulties in closing present gaps in knowledge. The 
procedure adopted was for a number of members to open discussions either by 
short statements or by submission of invited papers. The opportunity was also 
taken to discuss a number of subjects not formally introduced. 

The papers submitted are reproduced as annexes to this report and whilst 
the report itself represents the combined opinions of all the members of the 
Study Group, the annexed papers give the individual views of the authors. 

The proceedings were opened by Dr. P. Dorolle, Deputy Director-General of 
the World Health Organization, and the Group elected Dr. A. Hollaender as 
Chairman. 

1, INTRODUCTION 


Man’s most unique and precious possession is his heredity material which 
must determine the health and orderly development of future generations. The 
Group is of the opinion that the well-being of descendants of the present genera- 
tion is threatened by developments in the use of nuclear energy and of sources 
of radiation. Both of these developments are inevitable and they should con- 
tribute much to man’s social and cultural development. It would seem therefore 
that some risk must be accepted, but if the dangers are to be minimized every 
possible step must be taken to reduce the exposure of man and to understand 
the effects of exposure. Only in the light of more knowledge can decisions be 
taken to define more accurately the maximum amount of exposure which may be 
accepted by individuals and populations without risk of serious harm. 

Radiation has been demonstrated to be one of the agents which produces 
mutation in a wide range of organisms from bacteria to mammals. The Group 
is agreed that additional mutation produced in man will be harmful to individuals 
and to their descendants. While there may be inherent and environmental 
mechanisms which modify the impact of these mutations over periods of many 
generations, the effectiveness of such mechanisms in man is not known. In 
essence then, all man-made radiation must be regarded as harmful to man from 
the genetic point of view. 

In recent years, considerable quantitative knowledge has been accumulated 
on the basic mechanisms of genetics. There are strong grounds for believing that 
most genetic effects are very closely additive so that a small amount of radiation 
received by each of a large number of individuals can do an appreciable amount 
of damage to the population as a whole. There are, however, Many gaps in 
knowledge particularly concerning these effects in man. These gaps will only 
be closed after a great expansion of general and ad hoc research in genetics and 
other fields of biology. 

The Group has received the following resolution passed by the First Interna- 
tional Congress of Human Genetics in Copenhagen and it notes and agrees 
(while at the same time recognizing that WHO’s work is only concerned with 
the peaceful use of atomic energy) : 

“The damage produced by ionizing radiation on the hereditary material is 
real and should be taken seriously into consideration in both the peaceful and 
military uses of nuclear energy as well as in all medical, commercial and indus- 
trial practices in which X-rays or other ionizing radiation is emitted. It is 
recommended that the investigation of the amount and type of damage and of 
related genetic questions, be greatly extended and intensified with a view to 
safe-guarding the well-being of future generations.” 
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The Group agrees with the memorandum, entitled “Human and Medical 
Genetics”, which was submitted in 1955 by the Government of Denmark to the 
World Health Organization.’ 

This Group takes note of the report of the National Academy of Sciences of 
the United States of America and that of the Medical Research Council of Great 
Britain. It is not intended to reproduce any of the material in these reports 
but the Group notes the substantial similarity of the findings and recommenda- 
tions of these reports and is in essential agreement with them. 


2. NATURAL AND MAN-MADE SOURCES OF IONIZING RADIATION 


The present sources of ionizing radiations of interest for the treatment of 
problems related to the genetic effects in man include the following: 


Natural sources 


1. Cosmic radiation. 

2. Naturally occurring amounts of radium, thorium and potassium in the 
earth crust. 

3. Content of natural radioactive elements in living tissues. 


Man-made sources 


4. Radioactive material and technical arrangements producing ionizing radia- 
tion (such as X-ray tubes and other particle accelerators, nuclear reactors, ete.) 
used in education, science, medicine, industry and commerce. 

5. Sources used by the population for other purposes than those mentioned in 
4 (radioactive luminous compounds on watches and other articles for common 
use, television sets, etc.), although such sources are much less significant than 
those mentioned in 4 and 6. It is important, however, that their existence be 
recognized. 

6. Artificial radioactive elements distributed by man in nature. 

Information as to the contributions to the doses received by individuals and 
by large population groups from the various sources listed above is summarized 
in Professor R. M. Sievert’s paper, from which it is obvious that as regards the 
average dose to the gonads the most important contributions are at present 
those from the natural radiation (normal level: between 2 and 5 r per individual 
in 30 years) and from the radiation received by patients undergoing medical 
X-ray examination (probable average between 1 and 3 r per individual in 30 
years). If therapeutic exposures are also considered, the “total” exposure to a 
population might be greater. It is, however, difficult to get sound data for 
estimating how much exposure is received in therapeutic exposures to persons 
before the age at which procreation may be expected to be ended. 

It may be noted that at the present time the highest dose to the gonads caused 
by natural radiation in areas with a large population seems to exist in parts of 
Travancore, India, on ground containing monazite sand (possibly of the order 
of between 10 and 20 r per individual in 30 years). 


8. IMPORTANCE OF RECORDING RADIATION EXPOSURE IN INDIVIDUALS AND POPULATIONS 


From a genetic point of view the total accumulated dose is the important one 
and for this reason the measurement of exposure to ionizing radiations is an 
essential preliminary to attempts to relate dosage received to effects in man, 
For such measurements to be useful, the information must be recorded syste- 
matically. Unless the information is available in the form of the dose received 
by individuals, records of exposure would be unsuitable for many purposes and 
therefore some system of registration is essential. The effect of recording would 
almost certainly be to cut down the exposures given in medical diagnosis and 
treatment, since it would impress radiologists and technicians with the magni- 
tude of such exposures. In one hospital where such recording was started 
there has been a 30 per cent. reduction in the total exposure of the staff. Doubt- 
less a similar system of recording in diagnostic practice would reduce the 
exposure to the patients. This in itself would be a sufficient justification for 
introducing the procedure. It seems likely that the two national reports will 
already have done much to overcome the hesitation to record the dose on the 
part of those who would be concerned in making such records but that a recom- 
mendation from this Group would also be helpful. 


2 Off. Rec. Wild. Hith. Org., 68, 147, 
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The Group is conscious that the adoption of any system of recording dosage 
will give rise to difficulties because it will increase the burden of work of 
radiologists and their staffs. Nevertheless, it feels that the importance of these 
procedures is such, and is so well recognized by radiologists that both those in 
charge of radiological departments and other physicians who use X-rays will 
be co-operative. 

Whatever system adopted should take into account three desirable require- 
ments: 

1. That the individual will not, through lack of information, accumulate 
excessive exposure. 

2. That information becomes available as to how much exposure to the gonads 
is received at each age in individuals and on an average per head of population. 

2. That it should be possible to recognize the amount of exposure received by 
the parents of a given child. (Eventually, the information would be available 
for several generations.) This information is particularly valuable for purposes 
of genetic analysis. 

The Group suspects that exposures in some industries and in scientific work 
are unnecessarily high. Exposures from these sources should be recorded in 
such a way that the dosage received can be related in individuals and populations 
to that received from other sources. 

It seems unlikely that all countries would favour or indeed would be able to 
introduce the same standards of registration. Although it is expected that 
recommendations on mechanisms of recording will shortly be available from the 
International Commission on Radiological Protection, there should not be any 
delay in improving the standard of recording of exposures. 

Whatever procedures of recording and registration are adopted will entail 
a large expenditure of money and effort. The need, however, is urgent. Fur- 
ther, the present is the appropriate time to initiate such procedures, since the 
introduction of atomic energy for industrial use and the extension of the use 
of radiation tools in biology and medicine make it possible to start with such 
procedures at an early stage of a period of rapid development. 


4, RESEARCH 
General 


Additions to the understanding of the effects of radiation in man come from 
a very wide field of research. It is impossible to forecast what work in biology 
or genetics will contribute information relative to the problems. Accordingly, 
the Group is strongly of the opinion not only that as much experimental work 
as possible should be done on radiation effects on suitable organisms and such 
controlled observation studies as offer in man, but that there should be an 
intensification of all human and experimental genetic research. The Group 
feels that there should be the closest possible collaboration between those work- 
ing in the experimental and human fields: their work is complementary. Hach 
should be stimulating the other’s research projects. This need for intensification 
of research in man and in other organisms raises problems of finance and of 
shortages of trained research workers. Both these difficulties are likely to be 
intensified if new areas of work, such as that on tissue cultures, chemical 
mutagenesis, serology, biochemical genetics and epidemiological problems of 
genetic disease are to develop as rapidly as is desirable. The problem of man- 
power shortages, in regard to both biologists and physicians, tends to be per- 
petuated by lack of career opportunity for those working on genetics. There ig 
also an insufficient number of institutions where an adequate training in genetics, 
particularly in human genetics, can be given. 

It is possible that the results of much effort in these fields will prove dis- 
appointing. Nevertheless, research workers and those supporting their work 
must have the courage to face the possibilities of such disappointments and still 
go forward. 

The developments of nuclear energy would never have been made unless 
enormous risks of failure had been accepted. These innovations have ex- 
tremely ‘important implications among which the possible effects on man’s 
genetic composition are outstanding. If there is to be a climate of public 
opinion favourable to the development of nuclear energy the peoples must be 
assured that investigations essential for their future health and welfare and 
that of their children will be undertaken on an adequate scale. This will require 
recognition by governments that very substantial financial provision must be 
made for genetic and other biological investigations essential to an under- 
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standing of the effects of radiation on man. Biological research in the past 
has suffered severely from lack ef funds. 
Specific 

The Group does not feel that it should attempt to recommend specific research 
projects. Nevertheless, it seems desirable to recognize the larger gaps in knowl- 
edge as they appear at the present time. Among the fields in which the need for 
further work is urgent, if the genetic hazards of the irradiation of human popu- 
lations are to be understood, the following appear outstanding. It should be 
emphasized that the rapid developments in genetics and other sciences must 
determine that recommendations for lines of research should only be accepted 
as tentative and should be revised periodically. 

(a) Further study of spontaneous and artificially-induced mutation.—There is 
need for further study of the number and kinds of mutations produced by various 
doses and types of irradiation applied at different stages of the life-cycle under 
a variety of conditions and utilizing different kinds of organisms. The relatively 
limited opportunities to study irradiated human beings and their offspring should 
be exploited to the fullest extent possible. The appreciation of radiation-produced 
mutations is intimately related to a similar extension of knowledge concerning 
mutations that appear to arise spontaneously or as the result of the action of 
chemicals and of physical agents other than ionizing radiation. 

(b) Mutational component in the somatic changes produced by radiation and 
other means.—The role of changes in the hereditary material of somatic cells 
in the genesis of leukemia, in other forms of neoplasms, and in alterations in 
the life span, is at present a controversial field whch needs clarification. The 
effects of low doses of radiation, including those from radioisotopes, require 
special study. An important method of attack on this problem is opened by 
recent developments in tissue culture techniques. 

(c) Means of protection against mutagenic agents.—The pioneer studies which 
indicate the possibility that the production of radiation-induced mutations can 
be modified by various means have important implications for man and require 
extension in many directions. 

(d@) Development of new and improved techniques for the identification of 
mutants.—Efforts directed at developing more exact methods for the recognition 
of mutant individuals, and the distinction between the latter and phenocopies, 
should be intensified. It is important to prosecute studies of the frequency of 
a wide range of types of mutations including those with extremely small effects, 
recognizable only through special statistical or breeding techniques. 

(e) Manner of gene action.—The phenomena of dominance, synergism and other 
forms of gene interaction, the multiple effects of a single gene and the role of 
environmental factors in the determination of traits require a great deal of 
elucidation, since they are highly important in appraising the effects of radiations. 
They should be studied both in man and in other organisms. In this connexion. 
the prospects raised by the rapid advances being made on human biochemical 
specificities are of particular interest. 

(f) Selective factors in populations, with particular reference to the special 
conditions in man.—Very little is known concerning the detailed effects of natural 
selection on the frequency of specific genes, constellations of genes, or cytological 
alterations. Such information is basic to attempts to understand the genetic 
composition of present and past human communities and to predict future trends 
consequent upon changes in radiation levels, medical practices, and social and 
economic conditions. These gaps in knowledge can in part be filled by the collec- 
tion of relevant demographic and experimental data. 

(9) Patterns of mating in human populations and their genetic implications.— 
A standard type of information always required in understanding the genetic 
composition of human populations and the effect on it of various amounts of radi- 
ation is the recording and interpretation of data on the consequences of inbreed- 
ing, assortative mating, geographical and cultural isolation and random genetic 
fluctuations. 

(h) Twin studies in man.—These are recognized as being helpful in understand- 
ing many problems of human heredity. Such studies have already been exten- 
sively used but could be advanced by standardized registration of twins in 
various countries. They give useful information concerning the relative im- 
portance of hereditary and environmental influences. 

(1) Determination of the frequency of diseases with a significant genetio 
component, with particular reference to their epidemiology.—This is fundamental 
for investigations on the significance of mutation as a cause of disease in man, 
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In this connexion central registration of human inbreeding, hereditary disease 
and variation is of the utmost importance. It is also of importance to know 
the number of people who on account of hereditary lesions have to be treated 
in hospitals or institutions or given social aid. 

(j) Study of populations of special genetic interest—Important information is 
to be obtained from the study of relatively stable, primitive communities, long 
isolated by geography or culture. Studies of this type require for their execu- 
tion teams of persons from a variety of disciplines, such as cultural anthropolo- 
gists, physicians and geneticists. It should be emphasized that the understanding 
of the genetic structure of contemporary populations will be greatly aided 
through these studies, which should be maintained continuously over a con- 
siderable period of time. The opportunity for these studies diminishes with each 
passing year. Among special communities to be studied are those receiving 
unusually large amounts of radiation, those in which the degree of inbreeding has 
long been very high or low, and those in which special conditions of selection 
have prevailed. In some investigations radiation physicists would be essential 
members of the teams. 

(k) Genetic mapping of human chromosomes.—This is a highly specialized 
field in which encouraging advances are now being made. Among the possibilities 
to be exploited is the use of these data to aid in the identification of inde- 
pendently occurring mutant genes and in the study of chromosome rearrange- 
ments. 

(1) Cytochemistry and human cytology.—Direct cytological observations 
should be conducted both on normal individuals and on those with suspected 
chromosomal abnormalities. Material from the individuals themselves as well 
as mutant cells of tissue cultures may be used in such work. Basic information 
concerning the ultramicroscopic structure and chemical composition of the here- 
ditary material, and the manner in which this is altered by irradiation and other 
mutagens, is essential and should include information on lower organisms as 
well aS man. The new developments in biochemistry, the emerging immuno- 
biochemical investigation of tissue proteins, bone marrow and other tissues, the 
metabolic investigationes which may elucidate both physical and mental patho- 
logy, the new developments in electronmicroscopy which advanced our knowl- 
edge of the structure of human sperm all indicate the devolpment of new tools 
for the study of human genetics. 

(m) Development of further statistical methods.—New mathematical methods 
have continually to be developed to deal analytically with problems which arise 
as the result of researches in human and in experimental population genetics. 
This is particularly so in relation to observations on the genetic structure of 
and intensity of selection in populations with regard both to traits due to single 
gene and those due to multiple gene effects. Special techniques requiring elec- 
tronic computers will also be required for analysing data on genetic linkage in 
man, 

5. SOME CONCLUSIONS 


(a) The Group is of the opinion that there are too few institutions or large 
university departments devoted to general genetics and even fewer concerned 
with human genetics. It recommends the establishment of such institutions and 
departments and suggests that there could be no one ideal pattern. One of the 
benefits of such institutions would be to accustom people of different scientific 
disciplines having implications for genetics to work together. Physicians, gen- 
eral biologists, geneticists, biochemists, cytologists, serologists and statisticians 
are examples of the find of workers who may be needed. When such institutions 
are concerned with human genetics their location should have regard to the 
adequacy of existing medical services, to the kind and size of human popula- 
tions available for field studies and to the adequacy of background Vital statistics 
and general demographic information of the population concerned. For many 
purposes a population of about two million is optimal particularly for intensive 
epidemiological investigations. Such institutions, in addition to their research 
functions, could eventually serve as centres of elementary and advanced training 
in genetics. 

(b) Such research departments and institutions should contribute much to 
teaching in general and human genetics. Medical undergraduates should all 
receive training in genetics and the teaching should be co-ordinated with that 
in radiology and in the use of radioactive substances in medicine, so that the 
genetic hazards of diagnostic and therapeutic procedures are thoroughly under- 
stood. Medical men training as radiologists should have specific, more advanced » 
instruction in genetics. Health physicists, radiological physicists and radio- 
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logical physicists and radiological technicians should also receive instruction in 
genetics as part of their technical training. 

It seems essential that instruction in genetics should be given to all scientists, 
particularly those whose work is likely to involve the use of radiation and 
radioactive materials in research. The principles of human genetics could with 
advantage be conveyed to those training in the social sciences by means of formal 
instruction. Finally, the Group is of the opinion that public education in ge- 
netics should be more common and adequate than it is at present. 

(c) In the future it will be necessary from the point of view of preventive 
medicine and genetic hygiene to register serious hereditary diseases and defects 
in various populations or countries in the same way as, for instance, epidemic 
diseases. For that purpose, genetic hygienic ascertainment or registration will 
be an indispensable and necessary step. The recording of hereditary diseases 
and defects in various countries and regions is to be highly recommended. 

(d) In may countries there are very few biologists or physicians properly 
trained in genetics. This situation will only be solved by producing more career 
opportunities in genetics, but may be alleviated by granting fellowships or 
subsidizing training at approved institutions in countries which can offer train- 
ing facilities. It is possible, also, that advice and technical assistance could be 
given in connexion with research projects in countries with insufficient rosurces 
in trained manpower to carry them out. 

(e) It might be possible for a United Nations Agency to assist on request in 
administration or supervision of studies of specific populations over a period 
of years or by strengthening a research team or by giving advice on organization. 

(f) In the past, United Nations Agencies have done useful service in contribut- 
ing to the collection and standardization of vital and health statistics. It is 
recommended that such agencies continue their efforts and stimulate the efforts 
of others in the collection and publication of specific data such as fertility, 
consanguineous marriages and parental ages, which are so essential as back- 
ground information in many studies in human biology. 

(g) The Group wishes to call attention to the evidence that damage to body 
tissues produced by radiation after relatively small doses is, at least in part, 
mediated through effects on genes and chromosomes. There is also some evidence 
that the life-span may be reduced in Mammals even by relatively small doses. 
Ad hoc investigations are urgently needed. 

(h) The Group is particularly impressed with the genetic hazards of man- 
made radiation from sources used in medicine, industry, commerce and experi- 
mental science, ete. Both as an approach to control and as providing basic back- 
ground information for relating quantitatively radiation exposure and effects 
on man, it is essential that methods be found of recording exposures to individ- 
uals and populations, however difficult this may prove. 

There is reason to believe that radiation exposure can be much reduced, there- 
fore, those in charge of sources of ionizing radiations should always ensure that 
there is adequate justification for exposing individuals to doses however small. 
On account of the danger to offspring resulting from irradition of the gonads by 
X-rays, consideration should be given to determining what efficient means of 
shielding the gonads could be devised and brought into general use. In addi- 
tion, in every exposure the X-ray beam ought as far as practicable to be directed 
so that a minimum of radiation reaches the gonads. 


ANNEX 1 


DAMAGE FROM POINT MUTATIONS IN RELATION TO RADIATION DOSE AND BIOLOGICAL 
CONDITIONS ” 


(Formerly entitled “The conception that mutations accumulate following 
repeated irradiation” ) 


1. ACCUMULATION 


One topic which I have been requested to discuss Is that of the accumulation 
of point mutations following repeated irradiation. An accurately additive 


1Submitted by Professor H. J. Muller, Department of Zoology, University of Indiana, 
Bloomington, Indiana, USA. (This oe er is a considerably modified version of that 
presented at the Study Group on the ect of Radiation on Human Heredity.) 
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accumulation in the germ cells throughout life has as its necessary and suffi- 
cient conditions (a) that the induced mutations are stable, i. e. not subject to 
repair, (0) that there is no important amount of intercellular selection to alter 
the relative frequencies of the mutant and non-mutant cells within a given 
individual during his lifetime, and (c) that radiation given at one time does not 
by some long-term aftereffect influence the mutagenicity of cells irradiate at 
a later period. These questions will be considered in turn. 

(a) Changes of a point-mutational nature induced by radiation have not shown, 
as a class, unusual instability as compared with those arising spontaneously. 
Although the possibility is not excluded that there may be a relatively short 
period, of the order of one or a few cell cycles, before a mutation becomes fully 
completed and permanent (as in the work of D. Lewis, 1951, on Oenothera), 
this circumstance would not in ordinary cases affect the accumulation process. 

(b) As for intercellular selection, except for the special case of drastic lethals 
arising in the X chromosome of a male, which have been shown in a series of 
experiments with Drosophila (by Kossikov, 1936, Shapiro, 1936, etc.) to be 
subject to selective elimination in spermatogonia, there is no reason to expect 
point mutations of the usual “recessive” sort, appearing heterozygously, to 
influence the multiplication or survival of immature germ cells appreciably. 
That mature germ cells are not thus influenced was shown long ago by Muller & 
Settles (1927). The most pertinent evidence on this point as regards immature 
germ cells, in an organism related to man, is given by experiments carried out 
by Russell (1951, 1956) in mice to test this very question. The failure of the 
mutation rate to decline in groups of offspring derived from spermatozoa ejacu- 
lated at increasing intervals after spermatogonial irradiation, shows both the 
absence of germinal selection against the mutant cells (point b) and the essen- 
tial permanence of the mutant genes (point a). 

(c) Direct tests of the accuracy of accumulation of lethals induced in Droso- 
phila spermatozoa have been made by comparing their frequency at a given 
total dose after one treatment concentrated into a short time with that after a 
divided treatment of the same intensity and after a protracted treatment de- 
livered at a low dose rate. It was found that the frequency depended on the total 
dose regardless of its distribution in time. When the diverse experiments of this 
kind carried out by different investigators (see review by Muller, 1954b, page 
278, citing work of Patterson, Timoféeff-Ressovsky, Ray-Chaudhuri, Makhijani, 
Stern and others), are all taken into consideration together, it is found that 
the time-intensity relation was varied over a range of about 300,000 times, with- 
out any influence on the frequency of the mutations produced. Thus, a dose 
delivered in divided or protracted form over a month’s time was as effective 
as one of the same total amount given in a few minutes. Tests have also been 
carried out, by Kerkis (1938), by Timoféeff-Ressovsky (1934), and recently by 
Oster (1955), that showed an additive relation when irradiation was given 
successively at two widely separated stages, to the immature and mature male 
germ cells respectively. 

The reservation must be made that mutations not of the point variety, that 
is, those involving gross structural changes of chromosomes, which result from 
a combination of two or more independently produced chromosome breaks 
(Muller 1938, 1940) do, as expected, show an increase in frequency when the 
radiation is delivered in more concentrated form, provided union of the broken 
ends of the chromosomes can occur to an appreciable extent during the time of 
the longer treatment. ‘This condition does not hold in mature spermatozoa, the 
type of cell used for most of the above-mentioned timing experiments, for union 
of broken ends cannot occur during this stage (Muller, 1940), but it does hold 
in other germ cells, in which therefore more lethals of the structural type result 
from concentrated than from very protracted or divided treatments (Hersko- 
witz & Abrahamson, 1956). In the experiments cited in the preceding paragraph 
in which both immature and mature male germ cells were used there was no 
test of this matter, since the intervals between irradiations were long enough 
to avoid interactions between the effects of different exposures. 

On the other hand, in gonial cells, which allow union of broken ends during 
treatment, relatively few of the mutations are of the “structural” type anyway. 
Moreover, low doses or dose-rates, such as those ordinarily encountered in human 
occupational exposures, produce relatively few structural changes as compared 
with point mutations even in the cells (spermatids and spermatozoa) most suscep- 
tible to their production, and produce still fewer in gonia. It must further be 
noted that at these low doses or dose-rates the rare structural changes which 
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do occur must in most cases have had both or all of their constituent breaks 
arising as effects of the same fast particle. The frequency of these changes 
would therefore, in such case, be independent of the time distribution of the 
irradiation. For these reasons, conditions would seldom be encountered, except 
in odcytes, that resulted in overall frequencies of mutations (counting, together, 
both those of a point and of a grosser nature) differing perceptibly from those 
expected on an additive relation to the radiation dose. And when point mutations 
only were considered, the relation would be accurately additive. 


2. LINEAR RELATION TO DOSE 


Another expression of this additive relation, in the case of point mutations, is 
shown by the linear dependence of their frequency on radiation dose. That 
lethals induced in Drosophila spermatozoa do vary in frequency in this way has 
been abundantly shown for moderate and low doses, at which most of them are 
point mutations, in a great array of investigations, beginning with those of 
Hanson & Hayes (1929) and of Oliver (1930) and proceeding through many 
others to those of Uphoff & Stern (1949), which brought the dose down to 50 and 
25 r. In experiments involving a lesser range of dose applied to spermatozoa 
of Drosophila, visible, non-lethal mutations, which include fewer structural 
changes than lethals, were found by Timoféeff-Ressovsky to show a linear relation 
to dose, and a linear relation for them was likewise found by the Indiana group 
when appreciable structural changes were excluded by cytological examination. 
Russell has also found a linear relation for visible mutations resulting from the 
irradiation of the spermatogonia of mice with moderate doses. A linear relation 
for visible mutations in higher plants was found by Stadler (1928) and in lower 
plants, for moderate doses, by Hollaender and others (see previously cited 
review). 

It is true that in occasional experiments with very low doses results different 
from those expected on a strictly linear relation have been obtained. For in- 
stance, too few induced lethals seemed to be obtained by Caspari & Stern 
(1948) and too many induced visibles by Bonnier & Liining (1949). However, 
these experiments were carried on at levels of dose so low that small sources 
of error had a relatively great effect. These sources of error include, in the case 
of visible mutations, differences in the degree of adverse selection against the 
mutants as between the control and treated series, caused for instance by dif- 
ferences in degree of crowding. In the case of both lethals and visibles, the num- 
bers of mutations obtained at these doses are so low as to have a relatively large 
statistical variation. Moreover, the proportion of those obtained which were 
induced by the radiation is subject to a far higher error still, since it is repre- 
sented by the difference between the frequency found at the low dose and that 
found in the control material. Inasmuch as at doses of 25 and 50-r the spon- 
taneous (control) frequency may be a good deal higher than the induced fre- 
quency the error of this difference may be relatively enormous. This is especially 
true because the spontaneous frequency itself is subject to much more variation 
than that of random sampling. One source of such variation lies in the origina- 
tion of mutations in clusters of common origin, caused by mutations in early germ 
cells. Another lies in the great differences between the spontaneous mutation 
rate existing in different lines, which may be as great as an order of magnitude 
and give evidence of being caused by genes (Muller, 1928), now called “mutator 
genes”. Finally, both the spontaneous and the induced mutation rates vary con- 
siderably according to the history of the germ cells used (e. g. Muller, 1946, 
Ltining, 1952). Very special techniques are necessary for minimizing these 
various sources of error. 

In view of these difficulties it is not surprising that experiments to test the 
linear relation have not yet been pushed below 25 r. However, genetic and 
other techniques have over the course of several years been worked out at Indiana 
which should now allow significant results to be obtained at doses as low as 
10 or even 5r. Work on the necessary scale would require the co-operation of 
a group working over some two years and examining several hundred thousand 
cultures, a project that we estimate might cost some $18,000. We are not es- 
pecially desirous of carrying it out ourselves since even if the necessary support 
were provided the work should inevitably entail much digression from our other 
activities. We should therefore be glad to co-operate in furnishing the stocks 
and techniques and aiding in the supervision of the work if it were to be carried 
on elsewhere, although if no other suitable place could be found for the project 
we would not exclude the possibility of our conducting it. 
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The fact that the relation is linear, even at 50 r, and even when the irradiation 
of sperm cells is protracted for several weeks, makes it very probable already 
that the relation is linear all the way down to zero. For in some of this work 
it can be shown that there must have been hours between the traversing of a 
sperm cell by one ionization track and its traversing by another. If, however, 
the linear relation can be pushed down to doses as low as 5r (or if at this dose 
the frequency can merely be shown to be more nearly proportional to the dose 
itself than to its 1.5 or .5 power), then we would have a justification for con- 
cluding with a very high degree of assurance that the relation was indeed 
linear all the way down to zero. This is because the ionizations are not pro- 
duced separately but occur in the course of the tracks of the fast ionizing 
particles (the released electrons). Thus the ionizations come in spurts and 
a cell either gets a spurt or it does not. With very low doses, such as 5 r or 
less, an individual spermatozoon would hardly ever be traversed by more than 
one track, that is, it would not have received more than one spurt. Hence lower- 
ing the dose would not have the effect of lessening the number of ionizations in 
cells that received a spurt but only of lessening the number of cells that received 
any spurt at all. For these very low doses, then, the mutation frequency 
would be proportional only to the number of cells “hit,” which is necessarily 
proportional to dose. Therefore we could justifiably extrapolate the results 
from 5 r linearly all the way down to zero. We need only make the one proviso 
here that the mutations produced in a cell by ionizing radiation result from 
ionizations or activations arising in that cell itself, not from those in the medium, 
but there is evidence from other work (see Muller 1954b) that this is true for 
mutations produced by ionizing radiation in Drosophila. 


8. INFLUENCE OF LOCAL CONCENTRATION OF ACTIVATIONS 


Even if we assumed the linear relation to hold all the way down to zero for 
X-rays and gamma-rays, this still would not mean that a given mutation neces- 
sarily results from just one ionization or excitation. For, many of the ioniza- 
tions and excitations are grouped together in small clusters in the course of the 
tracks of the fast particles and it is possible that a cluster rather than a single 
quantum change is usually required to cause a gene mutation or chromosome 
break. At first sight it might be thought that this view is contradicted by the 
lack of influence of intensity changes on the dose-mutation rate relation, inas- 
much as this result indicates that a given number of nearby ionizations when 
crowded together in time are no more mutagenic than when scattered in their 
time distribution. However, this inference is inapplicable to the question at 
issue, because the crowding attained in this way is much less than that within 
the minute clusters formed in the course of the track of a fast particle. That 
a cluster of such density is in fact more effective mutagenically than the same 
number of scattered activiations is shown by recent work (e. g. Ives, Mickey, 
Muller, all 1954) proving the higher effectiveness of neutrons than of X-rays 
in producing both point mutations and chromosome breaks. Other evidence to 
the same effect lies in the lower mutagenic effectivenes apparently shown by 
betatron radiation having an energy of about 15 Mev, as compared with 
ordinary Xrays, inasmuch as the radiation of higher energy is thought to result 
in a somewhat lesser amount of clustering than do ordinary X-rays (Hersko- 
witz, Muller & Laughlin, 1956). I am inclined to view the greater effectiveness 
of more densely crowded activations in terms of the Watson-Crick model of 
chromosome structure, by supposing that a hit on both complementary strands 
at corresponding, or nearly corresponding, points is more likely to result in 
ag ae alteration in the chromosome than when just one of the strands is 
changed. 


4, COMPLICATIONS AT HIGH DOSES 


The breakage of chromosomes by radiation complicates in more than one way, 
at high doses, the relation between radiation dose and the observed frequency of 
visible or lethal mutations. For one thing, the ensuing chromosome abnormali- 
ties often kill the affected cells or their descendant cells by causing chromosome 
bridges at a subsequent mitosis, and, short of such an effect, can lower the 
multiplication rate of the descendant cells or even kill them by means of the 
resulting aneuploidy (the abnormal proportions existing between different 
chromosome parts). This circumstance would not in itself affect the observed 
frequency of point mutations were it not for the fact that germ cells in different 
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stages of the reproductive and mitotic cycles differ from one another in their 
susceptibility to having their chromosomes broken, and that they differ in a 
parallel manner in their susceptibility to having point mutations induced within 
them. At higher doses there is necessarily more killing off of the more susceptible 
cells, relatively to the less susceptible ones, by means of chromosome changes, 
than at lower doses (as well as more reduction of the multiplication rate of those 
not actually killed). Now, since the cells of the’ groups more injured in this 
way are also the ones that have had more point mutations produced in them it 
follows that at high doses there is more selective elimination (or reduction in 
relative numbers) of the germ cells containing point mutations as compared with 
the unmutated ones than there is at low doses. Hence, at higher and higher doses 
the frequency of point mutations observed among the offspring will fall further 
and further short (in a relative sense) of the frequency with which the point 
mutations had actually been produced, and the graph of the observed results 
will bend down ever further from the straight line extrapolated from the data 
ebtained at low and moderate doses. 

It is evident that the more heterogeneous in the susceptibilities is the lot of 
irradiated germ cells from which the given offspring are derived, the more 
pronounced will this falling off from linearity be. A very marked illustration of 
this effect, involving only a one-and-a-half-fold increase in observed lethal muta- 
tion frequency with a fourfold increase in dose (from 1000 to 4000 r) was obtained 
(Muller, Abrahamson, Herskowitz & Oster, 1954) by taking offspring from 
copulations of Drosophila males that had occurred seven to 10 days after their 
irradiation as just hatched imagos. The reason the effect was here so marked 
was because, as Liining’s already mentioned work had shown, the germ cells 
released during this period were at the time of irradiation in a number of 
different stages, having widely different susceptibilities. Although the irradia- 
tion of a quite homogeneous lot of germ cells would, theoretically, fail to give 
rise to any effect of this find, this has so far remained, in Drosophila, an ideal 
situation, that has probably not been obtained in practice. 

Even gonial cells are of differing mutagenic susceptibilities, depending, for one 
thing, upon whether or not they happen to be in mitosis at irradiation. As 
Oster (1954) has shown, gonial cells containing the condensed chromosomes of 
mitotic stages (produced in this case by colchicine or acenaphthene treatment) 
are, like other cells with condensed chromosomes, more susceptible to radiation 
mutagenesis. This fits in with Russell’s finding that the mutation frequencies 
found on examination of mice derived from irradiated spermatogonia, although 
linear for the dose range 300 r to 600 r, fell markedly below the expectation for 
‘linearity when a dose of 1000 r was used. . 

In organisms such as Drosophila and, probably, moulds, in which mutations 
of visible or lethal expression can arise in connexion with gross structural 
changes of chromosomes, either as position effects or as deficiencies, the com- 
plication exists that the frequency of these structural changes rises more rapidly 
than the dose (approximately as its 3/2 power, Muller, 1938, 1940). The ob- 
served mutants, unless analysed for gross structural changes, will represent a 
mixture of these and point mutations (the latter in turn consisting of gene 
mutations and minute structural changes, both of which vary linearly with the 
dose). Thus at lower doses, where the great majority of the mutations are in 
the point category, the frequency will be linearly related to dose, but at high 
doses, where the gross structural changes become numerically important, it 
might be expected that the overall frequency of lethal and of visible mutations 
would gradually rise, to approach the 3/2 power relation. Just this is seen 
in the results for visible mutations observed by Stapleton, Hollaender & Martin 
(1952) after irradiation of spores of the mould Aspergillus, whereas the offspring 
obtained after irradiation of mature Drosophila males have in most experiments 
seemed to show a linear relation for lethal and for visible mutations even at 
high doses. The interpretation of this at first sight paradoxical result is doubt- 
less to be sought in the fact that in these experiments with Drosophila the germ 
cells used had been heterogeneous enough when irradiated to result in a tendency 
of the frequency to fall from linearity, in consequence of selectice elimination 
of the products of the more susceptible germ cells, and that this tendency largely 
compensated for the rise above linearity that would otherwise have been produced 
by the ever greater relative numbers of structural change mutants arising at the 
higher doses. 

Because of these complications results with high doses are apt to be erratic 
and difficult of anlysis. Thus observations with moderate doses are better suited 
for arriving at an understanding of the fundamental frequency-dose relationship. 
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5. INFLUENCE OF- CELL TYPE ON INDUCED MUTATION RATE 


It has long been known (e. g. Stadler, 1928, Muller, 1930) that cells of differ- 
ent types or tages differ considerably in their susceptibility to mutagenesis by 
ionizing radiation. Although gross structural changes of chromosomes show the 
most variation in frequency with cell type, point mutations (including what are 
probably changes within a gene as well as minute deficiencies and rearrange- 
ments of one to a few genes) probably have a frequency range of at least four- 
fold when a given dose is applied to different types of germ cells. This is to be 
concluded both from results on lethals arising at moderate doses (at which rela- 
tively few of the changes are in gross chromosolne structure) and from visible 
mutations found by cytological observation to be free of discernible changes in 
the chromosomes. 

Putting togther the results of earlier and later studies (see review previously 
cited and also recent papers by Bonnier & Liining, 1953, Telfer, 1954, Abraham- 
son, 1956, and Oster, 1956), the early germ cells and gonia have the lowest fre- 
quency of induced point mutations yet the highest ratio of point mutations to 
changes of any kind that can be demonstrated to be structural (i. e. in these cells 
the structural changes fall to a minimum which is relatively much lower still). 
At these stages, the mutation frequency and distribution of types is much the 
same in male and female. In the later male germ cells, the overall mutation 
frequency, including that of recessive lethals, rises to a sharp maximum during 
the period of spermatid formation and transformation (although we must omit 
the preceding meiotic stages from consideration here as not being well enough 
known in this respect). Liining has given reasons for inferring that much or 
all of the exceptionally high frequency of recessive lethals induced in the sper- 
matid period involves those connected with gross and minute structural changes 
of chromosemes rather than true gene mutations. The overall mutation fre- 
quency, including that of recessive lethals, then falls sharply from the sperma- 
tid period to a second minimum to the immature spermatozoa (a minimum not 
nearly as low, however, as the preceding one in the gonia), only to rise again 
within the next few days until the time of ejaculation. After insemination, 
within the reproductive tract of the female, the male germ cells attain and main- 
tain at a relatively constant level their highest known frequency of recessive 
lethals as well as of demonstrable structural changes, except for that found in 
the spermatids. 

In rodents, the fact has long been known that ionizing radiation has a far 
more damaging effect on the genetic material when applied to mature or nearly 
mature male germ cells than when applied to immature ones (gonia), as judged 
by the killing of the resulting embryos. It remained for Snell (1935) to pro- 
vide evidence that these effects, and the inherited “semi-sterility” which he 
found also to be induced in mice, were caused by gross structural changes of 
chromosomes, a class of effects with which we are not primarily concerned in 
this paper. Later, however, evidence was obtained by P. Hertwig (1941) that 
at those same stages there is also a relatively high frequency of production of 
point mutations by ionizing radiation, just as was known to be true in Droso- 
phila. Fortunately, in man, the period during which the germ cells of the male 
remain in the gonial stage exceeds by over a hundred times that of the spermatid 
and spermatozoon stages, so that the high susceptibility of the latter stages 
presents a relatively minor practical problem. Thus it is the less mutable gonia 
of mammals, studied mainly by Russell, which are of greater interest in assess- 
ing the genetic damage produced by radiation in human populations. As noted 
in section 3, however, gonia themselves do not constitute one homogeneous class 
so far as susceptibility to mutagenesis is concerned, but may differ considerably, 
according to their developmental and mitotic stage and perhaps also their 
physiological condition. 

As for the female germ cells, the point mutation frequency in the late odcytes 
of Drosophila, during the last three or four days before ovulation, attains a 
level almost as high as that in the nearly mature unejaculated spermatozoa, 
when high doses of radiation are used (Muller, H. J., Valencia, R. M. & Valencia, 
J. L, 1950). However, in the previously mentioned work of Herskowitz & 
Abrahamson it was found that lethals induced at this stage show dependence 
on a higher power of the dose than 1, and on the timing of the dose, as well as 
other peculiarities, all indicating that a high proportion of them consists of small 
structural changes involving two independently produced chromosome breaks. 
These mutations (like many of those induced in spermatids and spermatozoa), 
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although not strictly point mutations, must usually be classed with them opera- 
tionally since the making of the distinction is commonly impracticable or even 
impossible. 

In mammals the germ cells of females may, according to one view, remain 
for a long time in a stage corresponding to the late odcytes of Drosophila. It 
will therefore be important to determine to what extent mamalian female gern 
cells follow similar principles to those of Drosophila late odcytes in regard to in- 
duced mutations. If they are long in such a stage, we should have to admit a 
notable departure from linearity for female germ cells. Whatever the answer may 
be, however, it is to be expected that for low doses, as for most occupational and 
diagnostic exposures, the frequency would be linearly proportional to dose even 
in late odcytes (because of any given mutagenically sensitive region being so 
seldom traversed by more than one track), and that the frequency for a given 
low dose would not be lower in them than in gonia. 

That somatic cells, like germ cells, can have point mutations induced in them 
by ionizing radiation was first shown by Patterson (1928), using Drosophila 
embryos and larvae. Calculations which I made on the basis of the early results, 
confirmed by studies by Timoféeff-Ressovsky (1929), and more recently by 
Lefevre (1950), show that for given genes the frequency of point mutations is 
similar to that obtained for gonia, or perhaps somewhat higher. This point is 
of importance in considerations of those effects of radiation on the exposed 
individual himself, such as leukaemia and other malignancies, which might 
have their basis in point mutations of his somatic cells. 

With the development by Puck and his co-workers of methods of culturing 
and subculturing human somatic cells like micro-organisms, finding and breed- 
ing lines of mutant cells (1956b), and determining the effects of different doses 
of ionizing radiation (1956a), the way has now been paved for carrying forward 
to man the exact study of the induction of point mutations and other genetie 
changes in somatic cells. AS an early result from this study, some evidence has 
already been adduced (Puck et al., 1956a) that the killing effect of the radiation 
on the cells is, as was to have been expected, caused by chromosome structural 
change rather than point mutation. It is probable on a number of grounds that 
this genetic killing of individual cells and genetic impairment of others, caused 
by gross chromosome changes, lies at the basis of much of the damaging effect 
of radiation on the body of the exposed individual, such as epilation, leucocyto- 
penia, destruction of the intestinal lining and other manifestations of radiation 
sickness, production of cataracts, retardation and distortion of growth, reduc- 
tion of regenerative capacity, and (probably the most important effect) reduc- 
tion of the life span (see discussions by Muller, 1950b, 1956b, Quastler, 1956, 
Sacher, 1956). 


6. ESTIMATION OF TOTAL DAMAGE FROM POINT MUTATIONS 


The prime questions regarding the damage done to posterity by a given amount 
of radiation are, what will the total amount of that damage be, and how will it 
be distributed? In our previous treatment we have discussed how the frequency 
of lethal or visible mutations varies with dose and with type of cell, but we have 
not considered the absolute frequency of such mutations for any given dose, 
still less the total frequency of mutations of all kinds. It is this total frequency 
that counts. For, as long ago shown by Haldane (1937) and as later developed 
by Muller (1950a), in a population at mutational equilibrium (i. e. a population 
in which about as many mutant genes are dying out in each generation through 
death or failure to reproduce of the individuals containing them as are arising 
anew through mutation) the average reduction in fitness of an individual lies 
between the total frequency of all detrimental mutations, counting equally those 
with large and those with small effects, and twice that frequency. If all the 
mutant genes were strictly recessive the lower figure (the mutation rate, y, itself) 
would apply, whereas if they were all dominant enough to be eliminated as 
heterozygates the figure would be wice this (2u). As Muller (ibid.) pointed out 
there is good reason for inferring the higher figure, 24, to be nearly correct both 
in Drosophila and in man. This same figure for reduction of fitness would on 
the whole express the proportion of individuals in the population who would 
have to suffer “genetic death” (selective elimination by dying before maturity 
or failure to reproduce) to maintain the genetic equilibrium. Some reduction 
of the figure for elimination rate (probably by not more than a factor of 2) 
might, however, have to be made to allow for some synergistic operation by 
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detrimental genes: a mode of action giving individuals with multiple defects a 
lower survival rate than the preduct of the survival rates of those with the 
separate defects. 

In estimating this total mutation rate for practical purposes only point muta- 
tions need usually be considered, since the great majority both of spontaneous 
mutations and of those that would be likely to be produced by radiation in a 
human population are of this nature. The first approach toward determining 
the total mutation rate in any organism was made independently and simul- 
taneously in 1934-35 by Kerkis working in collaboration with myself and by 
Timoféeff-Ressovsky (see his and my review papers already referred to), using 
descendants of irradiated Drosophila males. Special techniques were used for 
the detection of mutations having neither a visible nor fully lethal effect, but only 
reducing the expectation of survival to maturity: the so-called detrimental 
mutations. Both pieces of work agreed that these mutations arise some three 
to four times as frequently as the fully lethal mutations. Essentially similar 
results have recently been reported by Kafer (1952), working under the guidance 
of Hadorn, and Falk (1955), working under the guidance of Bonnier. 

It is admitted by all these investigators, however, that there had been little 
chance, by their techniques, of detecting mutations that reduced survival up 
to maturity by less than some 5-10 per cent. Moreover, there must be many 
mutations, undetectable by these techniques, the detrimental effect of which 
occurs mainly after maturity is reached or which affect reproductive capacity 
rather than individual survival. Thus the estimate that in Drosophila there 
are some five times as many harmful mutations altogether as the number of 
lethals, and some 30 times the number of sex-linked lethals, is a bare minimum, 
possibly only half the true value. It now becomes of great importance to extend 
the range of detected mutations to those with still less effect, and with other 
types of effect, so as to throw light on the extent to which the present estimate 
should be raised. As in the case of the proposed investigation of low dosage, 
we have for some years been developing techniques for such an attack in 
Drosophila, but again the work would necessarily be on so large a scale that group 
work and considerable expenditure (comparable in magnitude with that for the 
low dosage project) would be required. 

In absolute numbers the above estimate becomes for a dose of, say 100 r applied 
to spermatozoa of young Drosophila males a day or two before their mating, 
or applied to late odcytes, about one induced mutation in every 12 germ cells 
or one in six offspring. Thus a continuation of this exposure, applied to both 
sexes through many successive generations, would reduce the average fitness of 
the individual in the equilibrium population by about a sixth (Some 17 per cent.) 
and would cause nearly one individual in six to meet “genetic death” in con- 
sequence of the irradiation. It can further be estimated (see below) that the 
total effect of spontaneous mutations in Drosophila is about half as much as 
this; that is, the given amount of radiation, applied at the stages specified, 
would constitute about twice the “doubling dose’. But it should be borne in 
mind that these present estimates are in both cases minimal ones. 


7. MANNER OF DISTRIBUTION AND EXPRESSION OF THE TOTAL DAMAGE 


How does this mutational damage become distributed and expressed among 
the descendants? The amount of damage done by any given mutant gene in a 
heterozygous descendant may be represented as the amount of detrimental 
effect it would exert when homozygous multiplied by its amount of dominance 
(the ratio of its effect when heterozygous to that when homozygous). Now the 
dominance of lethals in Drosphila has been found both in work of Stern and 
his co-workers (see Stern et al., 1952) and of the present author and Campbell 
(see Morton, Crow & Muller, 1956) to average about 0.04 to 0.05, so that even 
these mutant genes with extreme effects would individually reduce viability 
in the heterozygote by only. some 5 per cent. The merely detrimental genes are 
suspected on theoretical grounds (Muller, 1950a) to have somewhat more domi- 
nance than the lethals, and there has recently been some direct evidence for this 
(Falk, 1955), but even when considerable allowance is made for this possibility 
the effect exerted in a heterozygote by a detrimental is expected, on the average, 
to be less, absolutely, than that exerted by a lethal. Thus, taking individual 
mutant genes of all degrees, they should average well below five per cent. in 
individually lowering the fitness of the heterozygote. Since at the same time 
the visible effects of these genes in the heterozygote, taken individually, usually 
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escape notice, it follows that the effects of mutations induced by radiation in 
any one generation at a frequency comparable with that above considered would 
not ordinarily be observed among the next or any subsequent generation. 
Nevertheless the total loss of fitness in the next generation, being about one in 
six (the minimum frequency of offspring with newly induced mutations) times, 
say, one per cent. (to take a bare minimum for their average expression in 
heterozygotes) would in a population of 1000000 entail the “genetic death” 
of at least 1700 individuals of that generation. Moreover, a comparable amount 
of damage would continue to be exerted for scores of generations. 

The number of generations that a mutant gene persists before causing genetic 
death is on the average about the reciprocal of the amount of damage it does 
to the heterozygote, so that the average Drosophila lethal in an autosome might 
be expected to persist for some 22 generations. However, the average persistence 
of a group of mutant genes is the harmonic, not the arithmetic, mean of the 
persistence of the individual mutant genes, and this value for the Drosophila 
lethals investigated turns out to be about 50 generations, though with a high 
error (see Morton, Crow & Muller, 1956). The persistence of detrimentals must 
be even greater. This is the so-called accumulation figure representing not only 
the average persistence of the mutant genes arising in a given generation but 
also the average amount of overlapping, within the individuals of any given 
generation, of mutant genes that arose in different generations, provided that 
the same mutation rate has existed in successive generations for a long period 
and mutational equilibrium has therefore been established. Hence if the 100 r 
exposure above postulated has been applied to Drosophila for many generations 
it is to be expected that each generation would be damaged at least 50 times as 
much as above calculated for the first generation of offspring (in fact, by an 
amount equal to 2u or in this case 17 per cent.) Moreover, instead of one indi- 
vidual in six carrying a mutant gene induced by the radiation each individual 
would contain at least 50 X 1/6, or at least eight of them, on the average. Thus, 
although the effects of the mutant genes would seldom be individually noticed 
their collective effect would in the great majority of individuals be quite ap- 
preciable. It would of course tend to give a different pattern of impairment 
from one individual to another. 


8. THE INDUCED IN RELATION TO THE SPONTANEOUS MUTATIONAL DAMAGE 


The damage caused by the induced mutations is of course intermingled with 
that caused by spontaneous mutations. Although the amount of the radiation- 
induced mutational damage is largely independent of that caused by the spon- 
taneous mutations it is helpful, in grasping its meaning, to compare it with that 
of the naturally existing mutational impairment since a species is in a sense 
adjusted to the latter and since, in man, we have a rough pragmatic familiarity 
with it. For this purpose it is desirable to be able to express spontaneous 
mutations in the same terms as those used above for induced mutations, namely, 
in terms of total mutation rate and loss of fitness. This is easily done, once 
estimates of these total values have been made for the induced mutations oc- 
curring at some given dose, provided only that the frequency of some particular 
group of mutations, e. g. sex-linked lethals, or visibles of a given collection or 
category (but preferably not those confined to just one allele series) has been 
determined under comparable circumstances both in unirradiated and in irradi- 
ated material. For there is good reason to believe that, for point mutations, 
the following relation will approximately hold: spontaneous total mutations/ 
spontaneous mutations of given category-induced total mutations/induced mu- 
tations of same category. Thus, if figures are obtainable for the last three 
terms, the first one (the spontaneous total) can be solved for. The particular 
category best determined and most used for this purpose in Drosophila work 
has been that of sex-linked lethals. 

Any one particular allele series (or “locus”’) cannot be relied upon by itself 
for the above purpose because the frequencies of mutation to different series 
may not bear the same relation to one another for spontaneous as for radiation- 
induced or otherwise induced mutations (see e. g. Giles, 1952). However, there 
is no reason to suspect that any broad phenotypic category or section of chroma- 
tin, or a whole group of allele-series chosen for their technical convenience, will 
show any consistent preference as between spontaneous and radiation-induced 
mutability. Experimental evidence that there is no such differential susceptability 
in Drosophila was obtained in the observation, by Timoféeff-Ressovsky (1937), 
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myself (see Patterson & Muller, 1930), and others, of the similar ratio of sex- 
linked lethals to sex-linked visibles both in unirradiated and irradiated material 
(especially when allowance is made for the relatively higher frequency of 
deficiencies and other structural changes after irradiation). 

As noted above, the ratio of “total” mutations to sex-linked lethals in Droso- 
phila when radiation is used has been estimated to be at least 30, and we may 
therefore (in accordance with the preceding formula) multiply the spontane- 
ous sex-linked lethal frequency by 380 to obtain the spontaneous total. The 
problem arises, however, of what observed value of the spontaneous sex-linked 
lethal frequency to choose. For this value has been found to vary by at least 
an order of magnitude from one experiment to another according to the stocks 
used (Muller, 1928, confirmed by later workers) and to vary by more than 
half an order of magnitude according to the developmental history of the germ 
cells (Muller, 1946 and unpublished), not to speak of variations caused by 
temperature and other environmental differences within the natural range. 
However, the upshot of a large number of studies of the spontaneous sex-linked 
frequency in Drosophila, by different investigators, has shown that the great 
majority of individuals bred at 25° C. under reasonably favourable conditions, 
in such manner that the germ cells used to produce the offspring do not give 
undue representation to those with extreme developmental histories, have a 
sex-linked lethal frequency averaging about 0.1 to 0.2 per cent. This is true 
in both sexes, but the female value appears to vary less with germ cell history 
and commonly to approximate 0.17 per cent. whereas the male value, which is 
higher (0.2 per cent.) for the sperm released very early, is a good deal lower 
(e. g. 0.06 per cent.) for those released in what might be called the prime of 
life. Taking 0.14 per cent. as a reasonable average and multiplying it by 30, 
our minimum figure for the total spontaneous mutation rate per gamete is 4.2 per 
cent. and that for the zygote is 8.4 per cent., a figure which also represents the 
average reduction in fitness or risk of genetic death as a result of spontaneous 
mutations. It was on the basis of this estimate that an irradiation of 100 r given 
to Drosophila in the manner specified in section 6 was there stated to constitute 
— about twice the doubling dose, inasmuch as it had been calcuated to give an in- 
duced rate of 17 per cent. per zygote. 

From the above it will be seen that, in Drosophila at least, there is much more 
uncertainty about the amount of spontaneous mutational damage, because of 
the high variability of the spontaneous mutation rate, than about that caused 
by any given amont of radiation applied to a known stage or group of stages. 
Because of this uncertainty, determinations of the spontaneous mutation rate 
of any particular category of mutants in Drosophila, such as a given group of 
“visibles’, Should always, in order to have significance in relation to other work, 
be accompanied by a yardstick indicating the general mutability characteristic 
of the material studied. At present the most convenient such yardstick is to be 
found in the sex-linked lethal rate, which must be ascertained under precisely 
the same conditions. Only when such a yardstick is provided can we, for 
example, use data on the frequency of spontaneous mutations of given types to 
estimate the ratio they bear to the total mutation frequency, or to the frequency 
of some other particular category, inasmuch as these other quantities them- 
selves are properly expressed in relation to a corresponding yardstick. 

It is true that the radiation-induced rate also varies to some extent according 
to the stocks used (See below), the environmental conditions, and the germ cell 
stages involved. These differences, however, are not of a type which would 
usually throw our reckoning off nearly so much as in the case of spontaneous 
mutations since there is more knowledge of how they may be allowed for. But 
they must be taken into account. 


9. SPECIES DIFFERENCES AND THE PROBLEM OF EXTRAPOLATION 


In view of the evidence already referred to of the variation of the radiation- 
induced frequency of point mutations in Drosophila according to the type of 
cell irradiated, and the abundant evidence that has been obtained in recent years 
of the influence of conditions associated with the irradiation, such as oxygen 
concentration, enzyme-inhibitors, ete., on the frequency (see author’s review, 
1954b), it would be strange if genetic differences failed to affect the result. 
Indeed, Dubovsky (1935) reported that some stocks of D. melanogaster from 
widely separated localities differed by a factor of about 2 in the frequency of 
lethals produced by irradiation of the male, It is true that such differences can 
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be produced in the same stock by slight differences in the timing of the germ 
cells used, a matter not then realized, and that stocks may also differ genetically 
in their natural timing, yet genetic differences of many kinds would be expected 
to be capable of influencing the result. In the light of these considerations, 
however, it is rather noteworthy that, contrariwise, even the specific difference 
between D. simulans and melanogaster was found by Kossikov (19385) not to be 
associated with a significant difference between the induced frequencies of 
lethals of flies of these two kinds. This similarity may indicate that the induced 
frequency, like the spontaneous one (see below), even though readily altered, 
tends to be maintained at a certain level by some active selective processes 
operating on features that, perhaps as a by-product, tend to maintain suscepti- 
bility to these mutagenic factors at the level found. 

However that may be, it is not to be expected that widely different species, 
such as those of different phyla, would have similar induced or spontaneous 
mutation frequencies, either total or of any given overall phenotypic class 
and/or chromosomal type (such as sterility mutations or sex-linked lethals), 
nor that they would have a similar ratio of total mutation rate to that in such 
a category. One reason for this disparity is that the amount and distribution of 
the genetic material must differ enormously as between such organisms; an- 
other is that the processes whereby the genes reach expression must be so 
different that a superficial resemblance in effect would provide little or no 
indication of a homologous genetic basis. Thus even if the frequency of pro- 
duction of, for example, sex-linked lethals were known in a mammal, one 
certainly would not be justified in applying to this figure the Drosophila factor 
of 30 times, to estimate the total frequency of induced mutations in the mammal. 

The case is, however, different when we use as our index of relative mutation 
rates in two widely different species a category consisting of the average fre- 
quency of origination, in each species, of members of a single allele (or pseudo- 
allele) series, often called the “specific-locus rate”, provided that this average 
has been determined through observations of a number of different series (“loci”) 
in each species and that most of the values found for the different series of the ~ 
same species show (as they have done) a tendency to be clustered within about 
one order of magnitude. The reasonable agreement between the results for some 
12 different allele-series involving visible point mutations (including those that 
are at the same time lethal) after irradiation of spermatozoa of Drosophila 
Muller, 1954a and unpublished) and also for some seven series after irradiation 
of spermatogonia of mice (Russell, 1952, 1956, Kimball, 1956), justifies us in 
speaking of an average or modal induced mutability for such an allele-series in 
each species. We may then infer that differences in the detectability of the 
mutations of the different series, in the complexity of the genetic regions con- 
cerned, and in their actual mutability, are usually insufficient to cause inordinate 
discrepancies between the values for the different series. 

In Drosophila the ratio between the “total” and the average single allele- 

series rate is at least 10000 (e. g. Muller, 1955b) and is probably a good deal 
higher. This value has been obtained by multiplying the ratio of “all” detri- 
mentals and lethals to sex-linked lethals by the ratio of the latter to the average 
Single allele-series frequency. (These two constituent ratios have of course 
been obtained in different experiments, under different conditions.) Are we 
now justified in assuming that a mammal would have at least as high a ratio 
as a fly of the “total” to the average single allele-series rate, and may we there- 
fore multiply the latter rate, as determined in Russell’s irradiation experiments, 
by a 000, to obtain the minimum value for the total induced mutation rate in 
mice? 
- The justification for this procedure lies almost entirely in general considera- 
tions. The main consideration is that a mammal, by no matter what criterion, 
stands at least as high in the scale of biological organization as a fly, and prob- 
ably a good deal higher as judged by its complexity of gross and histological 
Structure, physiology, and behaviour. It would therefore be surprising if the 
genetic basis of the mammal were not as least as complicated and, accordingly, 
compounded of as many parts (such as nucleotides) as that of the fly. This 
would imply also that it had at least as many, and probably more, different 
ways of mutating, and that any one allele-series, on the average, represented 
no larger, but probably a smaller, fraction of all the mutational potentialities 
in the case of the mammal than in the case of the fly. The several times greater 
DNA content of the mammalian than of the ey se chromosome-set tends to 
support this inference. 
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It is to be noted that this method of obtaining a minimum estimate of the 
total induced rate in the mouse avoids any assumptions regarding the means 
of defining the limits of a gene or locus, and the number of such entities. It 
is true that in the past the argument has usually been stated in terms of genes 
or loci (but see Muller, 1955, 1956a, 1957) but this has, for the present writer 
at least, been only a short-cut mode of expression. For, what was meant by the 
“specific locus” frequency was really the frequency with which mutations arose 
that were on operational grounds to be classed as being probably members of the 
same allele series, without assumptions being made as to what proportion of 
mutations actually occurring in the chromosome region in question would fall 
into the given allele category. Moreover, although 10 000 was sometimes stated 
to be a minimum value of the number of genes or loci, as estimated by several 
very different methods, the justification for using it also as the ratio of total 
mutations to mutations in one average allele series (‘specific locus”) was that, 
empirically, the experiments on detrimental mutations, lethals, and allele-series 
mutations had shown this ratio to hold, no matter what the number of genes 
may be, or how we define them. It is quite possible, for instance, that some of the 
same chromosome regions that gave rise by mutation to members of a given 
visible allele series also gave rise to lethals and/or detrimentals (which may 
or may not have been included in the count of the allele-series frequency, 
according to whether or not they also produced the visible effect that served as 
the criterion), but this was irrelevant to the determination of the ratio since all 
the lethals and detrimentals of sufficient detectability to be recorded as such 
were included in the measurement of the frequency of these classes and therefore 
in the “total” rate. Thus the only relevant questions concerning the Validity of 
the extrapolation process for obtaining a minimum estimate are whether or not 
a sufficiently representative sample of allele series has been obtained, and 
whether we are willing to admit the probability of the proposition that the 
average allele series, as operationally defined, would constitute at least as 
small a fraction of the total mutation rate in a mammal as in a fly. 

If we grant these points and apply our factor of 10000 to Russell’s observed 
allele-series rate of 25x10 mutations per r in the spermatogonia of mice, we 
find as our minimum estimate of the total induced frequency in this material 
2510“, which may also be expressed by saying that there is at least one 
mutation per germ cell for every 400 r. As for the human induced mutation 
rate, we can at present only say that this is what it would be if it were like 
that of mice, that there are no data from man as yet that are inconsistent with 
this, and that this rate is about an order of magnitude higher than the induced 
rate in Drosophila. 

On the other hand, we do have for man, as well as for the mouse, some data 
that allow us to estimate the spontaneous mutation frequency for allele series. 
As this matter has recently been discussed elsewhere (Mueller, 1957), an ap- 
praisal of the validity of this evidence will not be attempted here, except to point 
out, first, that the determination for man has the advantage of being based on 
large-scale data that give, as it were, a cross section of results from different 
genetic lines and from different ages and conditions of reproduction, and, second, 
that the results of the different allele series agree reasonably well with each other 
and, what is more surprising, that their consensus agrees well with the average 
based on mice. 

Here again, then, is evidence of the operation of selective processes that tend 
to stabilize the mutation rate, as was noted in section 8 in connexion with the 
radiation-induced rate. Even more striking evidence of this, in the case of spon- 
taneous mutation is the unexpected similarity between both these human and 
mouse values for the spontaneous allele-series rate and that (in the neighbour- 
hood of 0.5 X 10°) deduced to be characteristic of Drosphila. It is true that thus 
far there has only been one series of experiments (Muller, H. J., Valencia J. I. & 
Valencia, R. M. 1950) in which a considerable group of spontaneous allele-series 
rates in Drosophila has been directly determined and in which at the same time 
a yardstick (sex-linked lethals) was used so that the obtained rates could be 
converted (as proved necessary) into more typical ones. However, approxi- 
mately the same figure had been reached earlier by taking the typical spon- 
taneous sex-linked lethal rate and dividing it by the ratio found to hold between 
the induced sex-linked lethal rate and the induced allele-series rate. Moreover, 
confirmation of the order of magnitude of this value (although probably involving 
some reduction of the value itself) is now being obtained in another series of 
direct observations, checked by lethals, conducted by Schalet at the Indiana 
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Laboratory. In any case, such a correspondence between such different species 
tends to impart confidence in the estimated orders of magnitude. 

When, now, the factor of 10 000 is applied to the estimated value for an allele 
series in man, taking for the latter the rather conservative figure of 10°, we 
find that the minimum estimate of the “total” spontaneous mutation rate turns 
out to be 0.1 per gamete or 0.2 per individual, a value higher than has commonly 
been suspected to apply to our own species. 


10. LIGHT FROM ANOTHER SOURCE 


Extrapolation of the type above discussed is not the only means of arriving at 
estimates of the spontaneous mutation rate in man on the basis of existing data. 
As explained by Morton, Crow and Muller in a parallel paper (1956, see also Crow, 
1956 and Muller, 1957) several different studies of the mortality found among 
the offspring of consanguineous as compared with non-consanguineous matings 
in man agree reasonably well in giving evidence from which it can be deduced 
that the average human gamete carries a mutational load accumulated from 
past generations which if it became homozygous would be twice as much as 
needed to kill the individual containing it at some time between a late foetal and 
early adult stage. Much of this load is probably scattered among diverse mutant 
genes any one of which would, if homozygous, entail a relatively small risk of 
death. There must in addition be a considerable load of detrimental genes in the 
gamete that tend to cause death before or after the »eriod studied, or that inter- 
fere with reproduction rather than survival. Moreover, in a population living un- 
der more primitive conditions than those studied, more genes would find such ex- 
pression than did so in the given populations. Finally, the individual himself car- 
ries twice aS many such genes as the zygote. All in all, then, the load carried, 
mainly heterozygously, by the zygote is probably (if expressed in terms of the 
damage it would do homozygously) as much as about eight “lethal equivalents.” 

Now this rather directly measured load does not in itself tell us anything of 
the mutation rate per generation. However, if there are means of obtaining a 
reasonable estimate, by extrapolation or otherwise, of the relative amount of 
expression which this load actually attains in the average individual (a matter 
dependent upon the degree of dominance of the mutant genes and of the fre- 
quency with which occasional homozygosity occurs), we should then have a 
value for the average reduction of fitness. As noted previously, this would be 
almost equal to uw (the total spontaneous mutation rate) if the eliminations in 
the given population are brought about mainly through the homozygous effects 
and almost 2u if the dominance is enough for elimination usually to be caused 
by the heterozygous effects. Now although the data from man are insufficient 
to allow us to set a value for the average dominance of mutant genes there are 
considerations (pointed out-in some of the above papers) that allow us to set 
some fairly reasonable limits to such a value. Moreover, the value found for 
Drosophila lethals lies well between these limits. It is also possible to arrive 
at reasonable limits for the frequency of homozygosity caused by inbreeding. 
If then we extrapolate by taking the value for dominance found in Drosophila, 
and at the same time use in our reckoning the human inbreeding factor, we 
reach a value for reduction of fitness of approximately 0.1 per gamete or 0.2 per 
individual. This in turn gives us, as the value for the “total” spontaneous muta- 
tion rate, u=0.1 per gamete, as was estimated by the other method, explained 
in section 9. 

It must be pointed out that the present method involves data and methods of 
calculation both of which are entirely separate, as well as different in character, 
from those used in the other mode of attack. Although extrapolation is em- 
ployed at one point in the present attack—namely, for estimating the degree of 
dominance—this item did not enter at ali into the earlier calculation. More- 
over, there seems little doubt, in consideration of observations concerned with 
man himself (see e. g. Levit, 1935), that the dominance factor in man would 
at least be within the same order of magnitude as that here assumed on the 
basis of extrapolation. If this is true, then the estimate for mutation rate here 
arrived at is likewise of the right order of magnitude, at least as a minimum 
value. A further circumstance to be taken into consideration in evaluation of 
the present result is that it was not realized until the calculations were carried 
_ through that they would give a value even distantly in agreement with what 
had been obtained by the other method, and that no attempt was made to manipu- 
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late them to obtain a satisfactory fit to expectation. For these reasons, it would 
seem that the present result, although itself involving interpolation, lends ma- 
terial support, from an independent direction, to that arrived at previously. 

Although the present mode of attack is concerned only with spontaneous 
mutations, the estimate of the total spontaneous rate, as well as of the total 
load, thereby arrived at, affords an important independent possibility for gaug- 
ing the total mutational damage which would be produced in a human population 
by radiation. Before this could be accomplished, however, there would have 
to be some means of determining, for some limited genetic category capable of 
being used as an index, the relation between the spontaneous rate and the rate 
induced by a given dose of radiation. Possibly somatic or tissue-culture muta- 
tions, if there were good reason to infer them to be of the point type, would be 
useful to provide such an index. At any rate, if it were once furnished, it 
would then be relatively easy to combine this information with that on the 
total load, derived from the results of inbreeding, so as to obtain a realistic 
view of the all-around and long-term meaning of a given dose of radiation. 

Of course we are far from the final or exact answers. concerning the total 
frequency of either induced or spontaneous mutations, or concerning the per- 
sistence factor, for any lower organism, and much further yet from these answers 
for man. But the ways are opening up, and there seems good reason to believe 
that our present estimates for man, although involving extrapolation, may with 
assurance be regarded as minimal ones, and of the right order of magnitude. 
Before this point could be arrived at it was necessary to carry out a vast amount 
of work in the genetics of lower organisms, and also to collect very considerable 
data from man, and to consider these in connexion with one another. An in- 
creasing attack along both lines will be necessary if we are to attain the knowl- 
edge we need for the adequate protection and the fostering of our most precious 
trust, our genetic heritage. 
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ANNEX 2 


Tuer TYPes or MUTATION PRODUCED AT KNOWN GENE LOCI AND THE POSSIBILITY 
eF HITHERTO UNRECOGNIZED MUTATIONS BEING INDUCED ANIMAL POPULATION 
TRRADIATION RESULTS AND WorRK NEEDED? 


It is commonly acceptable as a working hypothesis that ionizing radiations do 
not induce new types of mutation, but only raise the mutation rates of existing 
alleles. The basis of this assumption is partly theoretical and partly experi- 
mental. The theoretical argument rests on the fact that all living matter is 
continuously exposed to natural background radiation, and always has been 
so exposed; therefore, it is argued, any mutation which could be induced by 
ionizing radiation must already have been induced by natural background 
radiation at some time in the past; therefore no new type of mutation could 
be induced by man-made radiation. The experimental data, which are now 
extensive, do not disprove this; but in so far as it is essentially a negative hypo- 
thesis, and fails to specify the extent of eitherzspontaneous or induced mutation, 
it is by its very nature not amenable to experimental test. Thus if in some 
experiment radiation exposure induces mutations of a type previously unknown, 
this can’ always be explained as nothing more than a manifestation of the 
limited nature of prior knowledge of spontaneous mutation; conversely, if ex- 
posure fails to induce mutations of a type previously known, that can always 
be explained as a manifestation of the finite nature of the experimental set-up. 
The hypothesis that ionizing radiations do not induce new types of mutation is 
therefore, like so many others in biology, unprovable and undisprovable. As 
such, it can only be of heuristic value; the extent of its value depends on our 
assessment of the extent to which it may be true, and the extent to which we are 
willing to use it as a guide in planning future action. 

In point of fact, geneticists are willing to place so much faith in its validity 
that this hypothesis forms the basis of all present day estimates of the genetic 
hazard of ionizing radiation to man. It is therefore worth while to ask if 
circumstances can be visualized in which it might break down. The supposition 
underlying it is that man-made radiations do not differ in any essential respect 
from natural background radiations. In respect of dose-rate they extend far 
beyond the natural range, but we have no clear evidence of dose-rate thresholds 
for the induction of genetic effects. So far as present knowledge goes, it 
seems that linear energy transfer is the biologically most important character- 
istic of a radiation; and in this respect natural background radiation covers 
the whole known range, from the sparse ionization of naturally occurring gamma 
rays to the dense ionization produced by alpha particles and heavy cosmic nuclei. 
Thus there does not at present appear to be any obvious theoretical reason for 
expecting man-made radiations to induce alleles that were previously unknown. 
On the other hand, there is no theoretical basis for the converse supposition, 
namely that ionizing radiation can induce all known alleles; in fact, there is 
a certain amount of experimental evidence that it tends to induce especially the 
more extreme alleles at a locus. ; 

It is worth noting that though this hypothesis has a theoretical basis which 
is probably valid for mutagenesis by ionizing radiations, the analogous hypo- 
thesis for chemical mutagenesis has none. There is no ground for postulating 
the natural occurrence in biological material of all chemical mutagens which 
might be synthesized in the laboratory. Furthermore, some chemical mutagens 
might be expected to have a relatively mild action, and induce subtle genetic 
changes, compared with the generally destructive action of ionizing radiation. 
Recent experimental work in this field, notably that of Fahmy & Fahmy (1956), 
supports an interpretation of this type. Furthermore, if (as seems probable) 
ionizing radiation is responsible for only about one-tenth of human spontaneous 
mutation, leaving nine-tenths to be accounted for, we should be unwise to ignore 
the possibility that chemical substances may be much more important than 
ionizing radiation as a cause of human mutation. 

Thus far I have considered the gene only as the unit of mutation, its constancy 
between mutational events being implicit. But a gene is also a unit of action, 
its presence being recognizable only by its effect on the phenotype of an individ- 
ual. Furthermore, the final effect of a gene, unlike the gene itself, may be ex- 
tremely variable, depending upon the other allele at the same locus, the alleles at 
other loci and the mass of non-genetic factors, grouped together under the term 


1Submitted by Dr. T. C. Carter, Geneticist, Radiobiological Research Unit (Medical 
Research Council of Great Britain) Atomic Energy Research Establishment, Harweil, 
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“environment”. In no two individuals are the total genotype and the total envi- 
ronment identical, and therefore in no two individuals can the same allele be ex- 
pected a priori to produce identical end effects. Variability of gene expression 
may be very great where the end effect is putatively remote from the primary 
gene product, with many morphological mutants; conversely it may be rela-— 
tively slight where the effect observed is believed to be close to the primary 
gene product, as with the blood group antigens. In so far as the practices of 
civilization have wrought great changes in the macro and microenvironment of 
man, we must suppose that they have changed and are changing the expression 
of many human alleles. 

Many systems can be invented for the classification of human genes, and which 
particular system is used will depend on the interests of the user. The popula- 
tion geneticist is interested primarily in the biological value of a genotype. He 
will therefore classify alleles according to their average effect on the fitness of 
their carriers, that is to say on the number of zygotes that will be contributed 
to the next generation by a zygote of the present generation. It will be a twofold 
classification, according as the allele is in the homozygous or heterozygous state. 
Mutant alleles are probably almost always disadvantageous to some extent when 
homozygous, but their action in heterozygotes may vary from severe detriment 
through neutrality to advantage. This fact divides them into two broad classes: 
those which are unconditionally disadvantageous, and those which are disad- 
vantageous in some individuals but advantageous in others. The distinction is 
fundamental, for it determines the nature of the forces which will maintain 
the allele in the population and the frequency at which it will be maintained. 
An unconditionally detrimental allele will be maintained at a low frequency 
under the opposed action of mutation to the allele and natural selection against 
it. On the other hand, an allele which is advantageous in some individuals and 
disadvantageous in others will be maintained at a high frequency, depending 
on the degree of advantage or disadvantage in the various individuals. Mutation 
will play only a minor role, or even none at all, in determining the structure of 
the population in respect to alleles of this type. It is therefore of importance to 
any assessment of the genetical hazards of radiations to man to know whether 
alleles of this type are of common occurrence. Unfortunately it is a problem 
of exceptional inherent difficulty, because we may expect that the more easily 
recognized genes will largely be among those with notably detrimental effects ; 
and, conversely, that the conditionally advantageous genes will be mainly among 
those with minor effects and that they may, for just this reason, be difficult to 
recognize. 

This brings me to a point where I find it necessary to voice some misgivings 
which I have felt for a long time about one aspect of what might be called 
“senetical public relations’. Soon after H. J. Muller’s demonstration that 
X-rays have a mutagenic action it was realized that they present a genetic hazard 
toman. At that time genes were thought of as consisting mainly, if not entirely, 
of common, advantageous, wild-type alleles and rare, deleterious, mutant alleles. 
They were unconditionally good or bad. Mutation was viewed as a necessary 
evil; it was something which happened, without which the species would lack 
the heritable variation on which future evolution depends, but it introduced into 
the population a load of mutant alleles which had to be eliminated by processes 
of natural selection. Each mutational event implied the occurrence of another 
mutant allele to be eliminated sooner or later through the “genetic” death of 
some individual if equilibrium were to be maintained. 

I do not think anyone seriously doubts that this is a reasonably accurate 
representation of the state of affairs in respect of grossly deleterious autosomal 
dominant or sex-lined genes such as retinoblastoma or haemophilia. On the 
other hand, I think may geneticists would now doubt whether. this concept is 
valid for more than a relatively small proportion of all human genes. Clear- 
cut unconditionally deleterious oligogenes may be relative rarities. They may 
represent only one tail of a distribution; numerically they may come far behind 
the polygenes, each with an effect so small as to be virtually undetectable by the 
méthods of classical genetics, yet together of major importance because they 
regulate the quantitatively variable characteristics of each species through 
which evolution must largely operate. Now the outstanding feature of almost 
any quantitative character is that it has a central optimum; the extremes in 
either direction appear to be at a disadvantage, in respect of biological fitness, 
compared with some intermediate phenotype. The theoretical interpretation 
is that heterozygotes for genes affecting a quantitative character have a greater 
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biological fitness than the corresponding homozys otes; and this implies that the 
mutation rate may be relatively unimportant in determining the gene frequency. 

The above argument hag been based mainly on theoretical considerations; but 
there is now a great mass of observational and experimental evidence that 
heterozygosity is the rule rather than the exception in wild populations. If any- 
one doubts it, he should re-read the writings of Dobzhansky and his co-workers 
on wild Drosophila populations, of Bruce Wallace on irradiated Drosophila popu- 
lations and of Dunn on mouse populations; or he should try inbreeding any 
species that is normally crossbreeding. 

In the face of all this I find it disconcerting that geneticists, when writing for 
the public, still often base their argument on an assertion that all mutation (or 
very nearly all) is harmful. I say it is disconcerting in the full knowledge that 
I use exactly the same argument when, as happens all too often nowadays, I have 
to give a talk on radiation hazards to an intelligent but gentically uninstructed 
audience. Perhaps its attraction is that it is a relatively easy argument to put 
over; or perhaps we use it because one can draw quantitative inferences about 
the genetic load due to some unconditionally deleterious human alleles, whereas 
at present it is almost impossible to speak quantitatively about human polygenic 
characters. But, whatever the reason, it is extremely important that we genet- 
icists should not bind ourselves to the fact that unconditionally deleterious 
oligogenes may constitute only a small fraction of the human genome. Further- 
more, I am not entirely happy that any science can be really healthy when it has 
one story for home consumption and another for the rest of mankind. 

The necessity for using an argument such as this stems essentially from one 
fact we know something about mutation in man and experimental animals, but 
we know very little about the effect on a population in which mutation is in- 
duced. We know enough to be reasonably certain that the current theory of 
mendelian populations is over-simplified and unable to accommodate some es- 
sential features of real populations ; but we have not yet got a satisfactory theory 
to put inits place. For the present there can be only one corollary; we must have 
more research on the genetic structure of populations ,in the hope that the nature 
of the facts will become clearer and will stimulate the development of a more com- 
plete theory. This theory would have to cover the origin and loss of variation 
in populatons its origin by spontaneous or artificially enhanced mutation and 
‘by environmental action, and its loss by natural or artificial selection. 

There have been many genetic studies of wild populations. Though in most 
of them the object was to study the effects of natural selection, it is only rarely 
that direct evidence has been obtained that the effect observed really was due 
to this cause. Thus the spread of melanie forms of various species of moths 
in industrial areas has been observed for over a century; and it has been assumed 
throughout that the spread was due to a selective advantage of the melanic form, 
following an environmental change from the relatively clean agricultural to the 
sooty industrial economy; but it was only last year that Kettlewell (1955) was 
able to confirm the validity of this assumption, by direct observation of the 
numbers of moths of the various phenotypes taken by bird predators. It has 
also been a characteristic of studies of wild populations that, with few excep- 
tions, the material studied has been polymorphic. This must have been due 
largely to subjective selection by the investigator, since a polymorphic population 
holds an obvious interest which a monomorphic population lacks. Nevertheless, 
where an apparently monomorphic population has been sufficiently closely ob- 
served, it has often proved to be polymorphic, even though the polymorphism 
may have been cryptic. Obvious examples are the populations of various 
Drosophila species studied by Dobzhansky and his school, (vide Wallace, 1954), 
and the mouse populations studied by L. C. Dunn (1953). Dunn’s work is of 
especial interest, because it shows that mechanisms whereby coadapted blocks 
of genes could come into existence are not peculiar to Drosophila. The mecha- 
nism in the mouse differs from that in Drosephila, but the effects are the same; 
suppression of crossing over and selective advantage of the heterozygous genotype 
in which it has been suppressed, even at the cost of a high proportion of inviable 
homozygotes. His findings gain significance in the light of the recent demon- 
stration by my colleague Dr. Mary Lyon, using an induced translocation, that the 
region of suppressed crossing over is at least five times as long as the short seg- 

ment marked in Dunn’s experiments. 

The study of mutation and artificial selection in the laboratory and of natural 
selection in wild populations are three approaches to a much more difficult study, 
namely that of populations with mutation rates that have been enhanced by ioniz- 
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ing radiations or other mutagens. Nor must it be forgotten that ionizing radia- 
tions have other genetic effects besides mutagenesis; they increase crossing over, 
a fact which was known before their mutagenic action was discovered, and which 
may be of great importance in the study of polygenic systems. 

Thus far few have attempted to work with irradiated animal populations. 
History dictated that one of the first studies in this field should be of a human 
population; but the genetical work of the Atomic Bomb Casualty Commission was 
almost foredoomed to failure, in the sense that it was very unlikely that statisti- 
cally significant observations could have been made, even on the basis of the 
most extreme assumption, namely that all human “spontaneous” mutation is 
really induced by background radiation and that the doubling dose for men is 
consequently as low as 3 or 4r. In the event the results were, with one possible 
exception, negative; but all who are concerned with planning human radiation 
genetic studies in the future will owe a debt to Neel and his eolleagues for 
doing the pioneer work in this field and exposing some of the problems (Neel 
et al,. 1953). The only other genetic studies of irradiated human populations 
of which I am aware are those of Crow (1955) and of Macht & Lawrence (1955) ; 
in each case the irradiated population consisted of radiologists. Here also the 
results were, in the main, negative; and the work suffered from the further 
limitation that it was impossible to estimate, even roughly, the radiation dose 
received. 

There remain the experimental studies of irradiated animal populations. Of 
these there have been exceptionally few; and in almost all the experimental 
material has been Drosophila melanogaster. There are two reasons for this: 
first, a population to be maintained under known irradiation conditions must 
almost of necessity be kept in the laboratory; second, to guard against the 
possible effects of genetic drift, the effective breeding population should be at 
least of several hundred individuals. These requirements of laboratory culture 
and population size can be reconciled only by limiting the size of the individual 
animal. Subject to this limitation, Drosophila melanogaster is the obvious 
choice, being exceptionally well known genetically. We hope to develop tech- 
niques at Harwell for maintaining mouse populations in the laboratory, but I 
am doubtful whether it would be feasible to keep free-living populations of larger 
animals in an irradiated space. A possible solution might be to find an isolated 
wild colony and irradiate.its habitat; this procedure would have the inherent 
defect, however, that one cannot be sure of obtaining a truly comparable control 
population ; and in this work controls are a sine qua non. 

If anything were needed to show how wide is the gap between observational 
fact and existing population genetic theory, the few published studies of irradi- 
ated Drosophila populations would do it. The various writers have given up 
any attempt to interpret their observations in terms of gene frequencies, 
contending themselves with observing what happens in their populations and 
attempting to interpret their observations in terms appropriate to the polygenic 
systems studied. Various combinations of selection type and mutational status 
have been used, and various types of foundation population. Bruce Wallace 
(1952) has observed the effects of natural selection on biological fiitness in 
populations originally derived from an inbred strain but now heterogenous, which 
were exposed to various levels of acute and chronic irradiation. Buzzati- 
Traverso (1954) likewise observed the effects of natural selection in irradiated 
populations; but here the foundation populations were inbred and the effects 
observed were egg-production and the incidence of the non-spineless phenotype 
due to modification of the genetic milieu in a homozygous spineless population. 
Clayton and Alan Robertson (1955) likewise used inbred foundation populations 5 
they observed the variance of the number of abdominal bristles and the response 
to artificial selection for this character. Scossiroli (1954) selected for sterno- 
pleural hairs in an irradiated population which was genetically heterogenous but 
which had previously been selected by Mather without irradiation and had 
reached a plateau. 

It is too early to attempt to draw general conclusions from these experiments, 
but some things are clear. Buzzati-Traverso’s work shows that irradiation of 
an inbred population can release genetic variability in a character such as egg- 
production, which is one of the components of biological fitness, and can 
thereby enable natural selection to increase fitness. Scossiroli’s work shows 
that irradiation can release genetic variability in a heterogeneous popula- 
tion which has reached a selection limit, and can thereby enable the limit 
to be surpassed. Bruce Wallace’s work shows that populations can live success- 
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fully under conditions of irradiation in which a large proportion of their 
chromosomes carry gene combinations which are lethal when homozygous, but 
that some of these combinations may be advantageous when heterozygous. The 
work of Clayton and Robertson shows that the amount of genetic variability 
arising spontaneously through new mutation in each generation is only a minute 
fraction, perhaps a thousandth, of that normally present in a Drosophila 
population; and that a part only of the additional genetic variability released 
by irradiation may be available for selection. 

Just what the full implications are for human genetics it is impossible at 
present to assess; but two conclusions seem inescapable. First, it is essential 
to extend work of this type and to cover other species, including mammals, with 
a much lower reproductive potential than Drosophila; the results might be very 
different in species where the female produced only ten young instead of hun- 
dreds and selection differentials were consequently lower. Second, we have no 
mandate from experimental fact to extend to the whole human genome the 
theoretical treatment of the genetic hazard of radiations that we now apply 
with a fair measure of confidence to grossly deleterious gene mutations. It fol- 
lows that for the present we must limit quantitative assessment to this part of 
the hazard alone; and this implies that the first task of human genetics must 
be to identify as completely as possible that part of the social load which is due 
to genes in this class. 
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ANNEX 38 


A Discussion oF SoMf® OF THE PROBLEMS ACCOMPANYING AN INCREASE OF 
MuTATION RATES IN MENDELIAN POPULATIONS * 

Problems arising from the exposure of man to irradiation are extremely 
numerous. They bear on many aspects of his health and his children’s health. 
To the extent that the original exposure—medical or industrial—aims at im- 
proving man’s welfare, he benefits, to the extent, however, that the exposure 
does him bodily harm or induces gene mutations that will harm his offspring, 
he suffers. 


1 Submitted by Dr. Bruce Wallace, Biological Laboratory, Long Island Biological Asso- 
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The mutagenic effects of radiation pose problems of immediate concern to the 
geneticist. These problems are of three major types: the development of a 
theory of population genetics adequate for the formulation of predictions, the 
design of experiments capable of testing the theory and of supplying empirical 
values for various parameters, and the extrapolation of theory and experimental 
results to human populations. 

The postulated role of mutations in Mendelian populations depends largely 
upon the basic concept one entertains regarding the genetic structure of popu- 
lations. In the main, there exist two contrasting but not mutually exclusive 
concepts: the first is based upon the superiority of homozygous individuals; the 
second, upon the superiority of heterozygotes. 

The first concept postulates that individuals of the highest possible fitness can 
be completely homozygous. Natural selection acting within a constant environ- 
ment would favour these individuals and would tend toward the establishment 
of a population eomposed entirely of homozygous individuals. In such a popu- 
lation the individuals of each generation should, ideally, be identical and the 
individuals of one generation should be identical to those of the next. Muta- 
tions in a population such as this operate to frustrate the aims of natural selec- 
tion. By definition, the new mutations are deleterious and, consequently, their 
constant formation prevents the population from reaching the level of fitness 
theoretically possible. Furthermore, under equilibrium eonditions the deleterious 
effect of mutations on the population is a function of mutation rates and is inde- 
pendent of the harm done to any one individual by any one mutation. Theoreti- 
cal treatments of this problem have been given by Haldane (19387), Crow (1952), 
and, in great detail by Muller (1950). Although no one actually believes that 
environmental conditions are constant or that the ideal population described 
above actually exists, the model is reasonable nevertheless if one assumes that 
near-equilibrium conditions exist at any moment and that genetic changes within 
populations occur slowly (see, for instance, Haldane, 1954). 

The second concept assumes that even under constant environmental condi- 
tions the individual with the highest fitness is genetically heterozygous rather 
than homozygous. Furthermore, there need not be one ideal genotype but many. 
An ideal population of this sort would consist of individuals as phenotypically 
uniform as possible consistent with the demands of natural selection but these 
individuals would be genetically diverse. Similarly, individuals of one genera- 
tion would not be genetically identical, even under ideal conditions, with those 
of the next. The selective coefficient of any gene in this type of population 
would be a function of the genetic situation prevailing within that population. 
Since the population consists of individuals of diverse genotypes, selection would 
be constantly shuffling gene frequencies and selective values simply because of 
the uncertainties associated with the formation of chance gene combinations. 
The details of this model have not been developed in a way comparable with the 
first; one can say, however, that gene frequencies under this model are primarily 
a function of selection and only secondarily a function of mutation rates. 

These two concepts are not mutually exclusive. It may develop that one or 
the other is substantially correct. It may be that for some loci one is correct 
while for others the second applies. It is quite probable that different species 
differ in their genetic structure. Finally, at different times and in different 
places the genetic structure of a population may shift from one model to the 
other. 

A few remarks may be made regarding the logic underlying these two concepts 
of population structure. Genes and chromosomes are the means by which infor- 
mation is passed from one generation to the next; in some cases they are the 
only means, in others this hereditary information is supplemented by the 
“spoken” word which allows individuals of one generation to communicate with 
those of the next. The first concept, that based on the superiority of homozygous 
individuals, stresses the accuracy of the transmitted information. In the ab- 
sence of mutations and of environmental change, every individual of a genera- 
tion would be supplied with precisely that information which has proven valu- 
able. in the past. There is no wastage through the formation of ill-adapted 
individuals. Furthermore, it is a moral system in that, under ideal conditions, 
every individual is his neighbour’s equal. The second concept entails wastage; 
certain individuals must obtain hereditary information that is not perfectly 
accurate. In so far as this wastage ean be equated with suffering (and it 
certainly can be considered in this way for human beings), the second concept 
is morally deficient. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1759 


What arguments, then, can be mustered to support the second concept, and to 
justify giving it serious consideration? First, to the extent that genes are semi- 
dominant, their frequencies are changed much more rapidly by the action of 
selection on heterozygous individuals than by that on rare homozygotes. Second, 
a gene that is beneficial through some semi-dominant effect need not be beneficial 
when hemozygous; the nature of these homozygous individuals is unimportant 
to the population at the time selection favours the heterozygotes. Third, the 
replacement of superior aa’ individuals by equally good a’’a’’ individuals requires 
that the allele a’’ also be advantageous when heterozygous. Fourth, there are 
physiological reasons for doubting in some instances whether a single allele in 
homozygous individuals can actually duplicate the action of two contrasting 
alleles in heterozygotes. 

One difficulty confronting the second concept is more apparent than real. It 
arises from the geneticist’s inability to distinguish which of two alleles is a 
favourable dominant and which is a deleterious recessive (see Crow, 1952, foot- 
note p. 285). A geneticist can detect gene effects by substitution only. Genetic 
changes within a population are determined by the sequence in which mutations 
occur. By completely ignoring the sequence of genetic change and by regarding 
the favourable dominant as “normal”, one is forced to the absurd conclusion that 
the origin of each favourable dominant (or semi-dominant) lowers the fitness of 
the population and that the population regains its normal fitness only if the new 
dominant attains fixation in the population. 

Finally, in reference to the first concept, I have mental reservations that stem 
from the assumed independence of the effect of the gene mutation on the popula- 
tion and the effect of the gene on individuals of the population. In other words, 
no matter how slight the deviation from the “normal” allele, the effect of a given 
class of mutant alleles is said to be proportional to mutation rate alone. In fact 
Muller (1948) mentions the possibility that small harmful mutations may be even 
worse for the population than fully lethal ones. I do not question the calculations 
that demonstrate this fact; I question the assumptions upon which the calcula- 
tions are based and which result in a curve with such an abrupt break regardless 
of how infinitesimal the effect of the mutation might be. 

The problems mentioned so far lie in the realm of theoretical speculations. 
They are problems one meets when attempting to visualize techniques employed 
by Mendelian populations in meeting the demands of existence, techniques com- 
patible with the known facts of genetics. The second large class of problems 
arises in connection with the design of experiments aimed at testing the validity 
of theoretical models. Regardless of one’s concept of the genetic structure of a 
population, obtaining experimental data to verify the concept or to furnish evi- 
dence regarding certain parameters is an overwhelming chore. 

Information required for the manipulation of equations under the model that 
stresses homozygosity includes estimations of numbers of loci, total mutation 
rates, distributions of mutations in terms of their effects on various components 
of fitness (viability and fertility in particular), the distribution of deleterious 
mutations among individuals of a population, and dominance-recessive relation- 
ships. Information along these lines is being gathered, among other laboratories, 
at Oak Ridge and at the University of Indiana under the direction of Dr. Russell 
and of Professor Muller, respectively. I believe we all recognize the tremendous 
effort required to obtain this information. 

In our laboratory we have taken what appears superficially to be a somewhat 
simpler approach: the simultaneous analysis of the genetic content of experi- 
mental populations of D. melanogaster in terms of genes affecting fitness and 
measures of fitness itself. The latter measure will be required for the final 
verification of one’s concept of population structure regardless of which of the 
two one entertains. The chief difficulties in this approach lie in the estimation 
of fitness and in determining the amount of selection required to maintain this 
fitness. These difficulties are compounded by the necessity to limit one’s studies 
to components of fitness and to carry out the analyses outside the population, 
outside even an experimental population. In studies of components of fitness one 
generally assumes that these components are to some degree correlated with one 
another and with their sum. Robertson (1955) has pointed out, though, that ina 
population at genetic equilibrium the components of fitness must be negatively 
correlated. This indicates that a technique for measuring total fitness must 
eventually be found if the role of mutations in populations is to be evaluated 


experimentally. 
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‘Difficulties associated with the determination of selection pressures within 
populations do not seem insurmountable at the moment. Specific genetic 
changes within populations offer one source of information—for instance, the 
increase in frequency of one particular mutation, the establishment of equilib- 
rium frequencies, or the loss of mutations following the cessation of irradia- 
tion. Estimations of population size shed light on the extent of inter-progeny 
selection; that is, one can judge whether a population exists because a few 
parents leave many offspring or because many parents leave a few each. Fur- 
thermore, larval mortality rates can be altered substantially without changing 
the adult population size to any appreciable extent; manipulations of this sort 
will offer an approach to the study of intra-progeny selection. 

The final group of problems deals with the extrapolation of theory and 
experimental findings to man. The first problem that comes to mind is the 
shift in emphasis demanded by the importance of man’s intellect. In experi- 
mental material “fitness” is equated with the ability to live and to reproduce; 
the emphasis in eugenic studies on the differential fertility existing in relation 
to I. Q. and racial origins shows that the experimental concept of fitness is 
not completely acceptable for human populations. Furthermore, although a 
long life and a full life is highly desirable, length per se is not all-important. 
Although the pertinent facts lie outside the realm of genetics, I suspect that 
the change from a 60-hour to a 40-hour work week has added more pleasurable, 
livable years to the average working man’s life than he has lost by way of 
industrial and automobile accidents. ‘These and similar problems are con- 
cerned with values; although there may be a consensus of opinion regarding 
these matters, there are bound to be sharp disagreements between societies 
and persons and even sharp changes in the views held by the same individual 
at different times. 

Additional problems arise, too, because man is a Social animal. The two 
concepts of populations described earlier dealt with ideal individuals with the 
highest possible fitness; these concepts are applicable to populations in which, 
with the exception of mating, there is no interaction between individuals in 
determining the fitness of the population. Such concepts are inadequate for 
dealing with populations of social organisms in which the fitness of the popu- 
lation is a function not only of the fitness of the individual members but also 
of the interaction between individuals. It would seem that before one can 
approach the problem of the ideal genetic architecture of populations of social 
organisms, including man, one would have to solve the simpler problem of the 
ideal constellation of phenotypes. I do not recall having seen such an analysis 
for human populations. 

The next problems to be discussed concern what may be described as experi- 
mental human ecology. The central problem concerns the extent by which the 
visible human population, or, better, the reproducing human population, dif- 
fers from the initial population of fertilized eggs from which it came. How 
strong are the selective forces operating within human populations? Mortality 
figures are available for the post-natal and late pre-natal periods. Figures are 
undoubtedly available, too, for the proportion of individuals who remain child- 
less throughout life. Good data concerning the mortality of individuals in the 
early post-fertilization periods are not available at the moment. Lacking, too, 
are indications of the extent to which this mortality and sterility (effective, if 
not actual, sterility) are selective; random elimination, of course, is ineffective 
in bringing about genetic changes within populations. Haldane (1954) has 
developed a method for estimating the intensity of selection that utilizes 
phenotypic measurements only; this method may prove valuable in the analysis 
of human populations. Other data that would shed light on the selective 
potentialities of human populations are those dealing with the rapidity with 
which resistance to certain diseases has spread within memory of man and 
the effectiveness of this newly acquired resistance; this information would 
need to include the price in terms of mortality that the affected populations 
paid while selection operated. Along these same lines, it would be of particu- 
lar interest to determine the factors responsible for limiting the number of 
children per couple in many human societies. When the average number of 
offspring per pair falls irrevocably below two for any species, that species can 
no longer replace itself numerically from one generation to the next and ex- 
tinction is inevitable. In some human communities the present average is but 
slightly above two. Since this average is determined by a combination of 
sociological and biological factors, some effort should be expended to determine 
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the actual biological limit for the number of offspring human couples can have. 

If it should develop that selection is more effective in man than we have 
suspected, we must nevertheless be wary of those who claim that radiation will 
do no harm to the human species. The rate at which mutant genes enter the gene 
pool of a population must equal the rate at which they leave. Mutant genes 
leave the gene pool by the effective elimination of individuals either through 
death, sterility, failure to reproduce, or a tendency to reproduce at a reduced 
rate. Effective elimination of individuals means, for human beings, that one 
individual is placed at a disadvantage relative to another; in many instances 
the “elimination” is accompanied by mental or physical suffering. Therefore, 
regardless of the ability or inability of “natural” selection within human popu- 
lations to forestall extinction or to maintain the “fitness” of the population as 
a whole, we are still forced to the conclusion that every exposure of individuals 
to irradiation must be justifiable in terms of the beneficial effects that exposure 
confers either to the exposed individual or to the population as a whole. In the 
light of known effects of radiation it is impossible to defend unnecessary or 
unnecessarily high exposures. 
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ANNEX 4 


THE Exposure or MAN TO IONIZING RADIATIONS, WiTH SPECIAL REFERENCE TO 
PosstsLe GENETIC Errects ? 


The purpose of this review is to show which generally occurring sources of 
ionizing radiation may at present be relevant and which may be irrelevant in 
discussing the effects of ionizing radiations on man. 

We have to consider the direct effects on human tissues, as well as the indirect 
effects due to mutations of somatic cells, causing harmful effects to the indi- 
vidual himself, or of germ cells. The latter may either involve risks for the 
offspring already in the next generation, consequently being of interest to the 
individual himself, or may—with irradiation of a large number of inhabitants— 
constitute a long-term problem in the entire population. 

The present sources of ionizing radiations which are of interest in these con- 
nexions include the following: 


Natural sources of radiation 


1. Sources of cosmic radiation. 

2. The natural radioactive elements, particularly radium, thorium and potas- 
sium in the earth crust. 

8. The natural content of radioactive elements in man. 


Man-made sources of radiation 


4, Radioactive material and technical arrangements producing radiation 
(X-ray tubes, other particle accelerators and nuclear reactors) used under such 
circumstances that the user generally is aware of the presence of the radiation 
(e. g. in education, science, medicine, and industry). 

5. Sources of radiation used for purposes in which, as a rule, only the special- 
ist is aware of the presence of ionizing radiation (e. g. radioactive luminous 
compounds on watches and other articles for common use, television sets, etc.). 

6. Radioactive elements artificially distributed in nature. 


1 Submitted by Professor R. M. Sievert, Institute of Radiophysics, Karolinska Hospital, 
Stockholm, Sweden, 
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THE MAXIMUM PERMISSIBLE LEVELS OF IONIZING RADIATION FOR INDIVIDUALS AND 
LARGE POPULATIONS 


Before treating the different sources of radiation which. contribute to a 
larger or smaller extent in producing the present level of ionizing radiation in 
man, a brief account of the maximum permissible doses recommended may be 
given. 

The International Commission on Radiological Protection (ICRP) at its ses- 
sion in Geneva, April 1956, decided to make the following additions to their 
earlier recommendations: 

* * *® x * * * 

A controlled area is one in which the occupational exposure of personnel 
to radiation or radioactive material is under the supervision of a radiation 
safety officer. 

For such personnel the maximum permissible levels of exposure are those 
specified for occupational exposure. In the case of prolonged exposure to 
radiation from external sources the maximum permissible levels for occu- 
pational exposure are represented by weekly doses of 600 mrem in the skin 
and 300 mrem in the blood-forming organs, the gonads and the lenses of 
the eyes. 
* * DS a we * 

For any person in any place outside of controlled areas the maximum 
permissible levels of exposure of 10% of the occupational exposure levels. 

* * ae * a %* 


When genetic aspects of the effects of radiation are considered, the dose 
received by the whole population is of importance. Scientific data derived 
from human as distinct from experimental animal populations are so scanty 
that no precise permissible dose for a population can, at present, be set. The 
available information is being assessed by the Commission and other groups 
including geneticists. Until general agreement is reached, it is prudent to 
limit the dose of radiation received by gametes from all sources additional 
to the natural background to an amount of the order of the natural back- 
ground in presently inhabited regions of the earth. 

a PD ae Ps a * ae 


The recommended maximum permissible weekly doses and the modified values 
for special circumstances, permit a desirable degree of flexibility for their appli- 
cation. In practice it has been found that in order not to exceed these maximum 
limits and also to comply with the general recommendations of the Commission 
“that exposure to radiation be kept at the lowest practicable level in all cases” a 
considerable factor of safety must be allowed in the design of protective devices 
and operating procedures. Therefore, under present conditions, it is expected 
that the average yearly occupational dose actually received by an occupationally 
exposed person would be about 5 rems and the accumulated dose in the em- 
ployment period up to 30 years of age would be about 50 rems. Accordingly, the 
Committee recommends continuation of the present conservative practice as re- 
gards doses actually received by occupationally exposed personnel, to keep the 
accumulated dose as low as practicable especially up to age 30. 

In the report of the Medical Research Council (MRC)? “The Hazards to 
Man of Nuclear and Allied Radiations,” issued in June 1956, the following con- 
clusions are drawn: 

® ak * bd * * * 

(2) Dose levels to the individual: (a) In conditions involving persistent 
exposure to ionizing radiations, the present standard, recommended by the 
International Commission on Radiological Protection, that the dose received 
shall not exceed 0.3 r weekly averaged over any period of 13 consecutive 
weeks, should, for the present, continue to be accepted. 

(b) During his whole lifetime, an individual should not be allowed to 
accumulate more than 200 r of “whole-body” radiation, in addition to that 
received from the natural background, and this allowance should be spread 
over tens of years; but every endeavour should be made to keep the level 
of exposure as low as possible. 

(c) An individual should not be allowed to accumulate more than 50 r of 
radiation to the gonads, in addition to that received from the natural 





® Medical Research Council, “The Hazards to Man of Nuclear and Allied Radiations”, 
London, 1956. : 
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background, from conception to the age of 30 years; and this allowance 
should not apply to more than one-fiftieth of the total population of this 
country. 

(3) Dose level to the population: Those responsible for authorizing the 
development and use of sources of ionizing radiation should be advised that 
the upper limit which future knowledge may set to the total dose of extra 
radiation which may be received by the population as a whole, is not likely 
to be more than twice the dose which is already received from the natural 
background; the recommended figure may indeed be appreciably lower than 
this. 

a * * * * me 


In the report of the National Academy of Sciences in Washington (NAS)? 
“The Biological Effects of Atomic Radiation” the following recommendations 
are made. 

Thus we recommend : 


(C) That for the present it be accepted as a uniform national standard 
that X-ray installations (medical and non-medical), power installations, 
disposal of radioactive wastes, experimental installations, testing of weapons, 
and all other humanly controllable sources of radiations be so restricted 
that members of our general population shall not receive from such sources 
an average of more than 10 roentgens, in addition to background, of 
ionizing radiation as a total accumulated dose to the reproductive cells 
from conception to age 30. 

* * % * % * * 


(E) That individual persons not receive more than a total accumulated 
dose to the reproductive cells of 50 roentgens up to age 30 years (by which 
age, on the average, over half of the children will have been born), and 
not more than 50 roentgens additional up to age 40 (by which time about 
nine tenths of their children will have been born), 


Obviously it is generally agreed that at present it is desirable to limit the 
doses received by the gonads of individuals to less than 5 roentgens per year 
and 50 roentgens before 30 years of age and that the average dose to the 
gonads of the population as a whole should be kept very low; of the order of 
the natural background (ICRP) twice this level (MRC) or to 10 r before 30 
years of age (NAS). The difference in these figures is not very important 
as their order of magnitude will in practice be about the same. 

According to our present knowledge it seems likely that a dose of 30—80 
r will (according to MRC) double the natural mutation rate in man, which 
is probably only to a minor fraction (perhaps about 10%) caused by ionizing 
radiations. The rest of the natural mutations will, to an unknown extent, be 
due to chemicals and to the thermal movements of the molecules. It seems 
to be highly desirable for mutations induced by chemicals in particular to be 
investigated, in order to elucidate the relative role of radiation-induced mutations. 

The recommendations made by the organizations quoted above are as regards 
the whole population based mainly on the natural level of ionizing radiation. 
It is not the place here to discuss whether this is a coreret starting point, 
nor whether or not the maximum permissible dose levels recommended are 
reasonable. They are fixed after careful consideration based on our present, 
unfortunately very incomplete knowledge of the biological effects of small 
radiation doses, but are agreed to by specialists in biology, genetics, haematology, 
physics, and radiology having long experience in radiation protection both on 
the research and on the practical side. 

With respect to the risks of injurious effects on man one matter may, however, 
be stressed. There must always be a reasonable ratio between what can be gained 
by the use of ionizing radiation and the risks of its injurious effects. The use in 
medicine of ionizing radiation for examination and treatment of patients 
therefore occupies an exceptional position, that has not always been taken into 
account in recent years, in the discussion of the problems of the general irradia- 
tion of mankind. There must certainly be a sound balance between the 
benefits of a good health service and the risks to the patients with respect to 
onset of malignant disease or genetic damage of which, oes kt we at present 
do not know very much. 


® National Aeademy of Sciences, “The Biological Effects of Atomic Radiation”, Wash- 
ington, 1956. 
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NATURAL SOURCES OF IONIZING RADIATION 


Cosmie radiation 

The cosmic radiations produce the doses shown in Table I. 

The values for O—4000 m have been calculated from the work of Compton 
and co-workers (Fig. 1) taking into consideration that some reduction due to 
absorption may be justified indoors, and the values for 6000—18,000 m from 
Millican and co-workers (Fig. 2). The values are fairly approximate, as there 
are many factors which are difficult to allow for at the higher altitudes, especially 
with regard to the unknown relative biological effectiveness of heavy nuclei 
rays. 

Variations with time——Major variations in cosmic radiation occur during 
short periods only, and the few occassions associated with an appreciable 
increase are so rare and of such short duration that the doses caused by cosmic 
radiation for a certain altitude and geomagnetic latitude may at the earth 
surface be regarded from the practical peint of view as constant. A record 
of the variation in the cosmic radiation on February 23, 1956, is shown in 
Fig. 3. This is one of the occasions on which an extraordinary increase was 
observed. The dose due to this temporary increase was, at sea level, less than 
0.03 millirem. 

As to the long-term variations, it seems highly unlikely that any major varia- 
tions in cosmic radiation have taken place during the last 2,000 years. 

Variations with site—The maximum variation between different places on 
the earth surface, excluding mountains of more than 4000 m high, is about 2 r 
per 30 years. 

Doses to individuals.—The doses to individuals may be of importance for very 
high altitudes. The present development of communication by air makes it 
necessary to take into account the fact that, at very high altitudes, the maximum 
permissible dose ef 50 rem may especially at high geomagnetic latitude already 
be exceeded if on the average some 10 hours per week are spent at this altitude 
during 10 years, which might well be possible for future personnel in aircraft. 
The increase in cosmic radiation on February 23 may perhaps at altitudes of 
20,000 metres correspond to a dose of less than some tenths of 1 rem obtained 
during a few hours, therefore probably being of limited biological significance. 

Doses to large populations —The contribution to the irradiation of large popu- 
lation groups (>100,000) varies between 0.7 and 2.7 r or approximately between 
1 and 3 rem per 380 years. 

The fact that an appreciable part of the radiation can be screened off by rea- 
sonable quantities of material may be of certain value for judging the risk for 
stratosphere and intersteller traffic. Investigations of the biological effects of 
cosmic radiation at very high altitudes are however desirable, because of the 
lack of knowledge as to the RBH values for heavy nuclei radiations. 


Natural external y radiation 
The external y radiation in nature varies with the radium, thorium, and 
potassium content of the ground and of the building material in houses. The 


y dose in free air produced above level ground can be calculated according to the 
simple formulae: * 


Radium: GUse 10 te er 0; VOd ere ee ee ene 0.57 -10°%.s(Ra) 
TYAN Ui GOSE. tt Wer- WON TS. ce a netn agne antelope rad 0.20 -10°.s(U) 
PETVOL IU CSG LIN To TNCL. ep VO ee a ei 0.094:10° .s(Th) 
Potassium | Use UE T Deb SO VeATS en ima eee 41 .s(K39) 


in which s(Ra), s(U), s(Th) and s(K89) are the contents of radium, uranium, 
thorium, and potassium in g element per g substance of the ground. 

To obtain an estimate of the dose to the gonads in rad,* the doses in free air 
have to be multiplied by a factor of 0.5 for women and 0.7 for men (1) or on the 
average 0.6, to account for the absorption in the shielding part of the body. 
The same factor may be approximately applicable to most of the other organs 
For the skeleton, the factor might be considered on the average, to be about 0.8. 

The doses due to natural y radiation over ground containing various minerals 
are given in Table II, and the dose in dwellings in Sweden (1) are seen from 
Table III and Fig. 4. These are in good agreement with the few observations 
in other countries. 


41 rad corresponds to a dose of about 1.07 r in soft tissue. 
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The y radiation from the ground is absorbed by snow, as seen from Fig. 5. 
A snow cover of 40 cm depth and of medium volume weight absorbs about 50% 
of the y radiation from the ground. 

A factor of considerable importance is the relation between the time spent 
indoors and out of doors. Here, it is assumed that on an average in large popu- 
lation groups % of the life is spent out of doors. 

As an additional contribution to the irradiation of man from natural radio- 
active elements in the earth crust, the radon and thoron of the air may play an 
important role in special cases. In general, the content of these elements in the 
air is too small to contribute to the dose received by the human body by more 
than a few percent. In some places and during some periods, this content can 
be fairly high, for instance in rooms where water of high radon concentration 
is used or the ventilation is insufficient, (1) in cellars where radon and thoron 
comes up from the earth, and in large cities during calm weather. (2) Such 
cases seem only occasionally to have been investigated. It would probably be 
worth while to make more systematic studies in this field. At present, these 
sources of natural radiation are too little known to be treated in this survey and 
will therefore be disregarded, although it is possible that they are of significance 
for the irradiation of the pulmonary system of a comparatively great number of 
individuals living in certain areas. 

Variation with time.—The average annual dose to human beings due to natural 
sources has probably been of roughly the same magnitude during the present geo- 
logical period. <A slight decrease in the radiation occurred when man learned to 
use wood for building houses, and stopped living in earthen huts or in rocks where 
the amount of radon in the air was sometimes probably quite high. An increase 
subsequently took place again with the use of bricks and concrete as building 
materials, and when people moved to cities where material containing minerals 
More frequently comprise the surrounding material. 

Another factor which may have caused a reduction in the environmental y 
radiation for some populations may have occurred during the ice periods followed 
by certain areas covered by ice and snow during a greater part of the year than 
today. As already shown the snow causes an absorption of the y radiation from 
the ground which appreciably reduces the irradiation out of doors, and produces 
a Seasonal variation (see Fig. 6) in the irradiation of large population groups, 
especially those living outside the cities. 

Variation with site—As a rule, the difference in the level of natural y radiation 
in different parts of the world is probably not very large. Even over areas con- 
taining rich uranium or thorium ores, the y doses to the inhabitants only in 
rare cases exceed a few times the normal level. This is because the ores are 
generally very unevenly distributed both in rocks and sands, and are often 
covered or surrounded by material of normal radioactivity. The inhabitants 
moving over the area in question might thus, on an average, be exposed to doses 
which are much lower than could be conceived. This experience based on obser- 
vations in Sweden needs further verification, but will probably be found to apply 
to most population groups throughout the world. 

The doses of y radiation to persons living in places more or less permanently 
covered by deep ice or snow, and those spending most of their time at sea, are 
generally very small. Here, the amount of y radiation from the earth is often so 
minute that it can be entirely disregarded in comparison with the radiation from 
other natural sources. Recent investigations of the radiation level on wooden 
and iron vessels of different size have shown that the y radiation already at a few 
metres distance from a granite quai is entirely negligible. 

In Table IV some observations of natural y radiation in Sweden are compared 
With the results of similar investigations in the UK and USA. 

In view of the statements in the aforegoing with respect to the average doses 
received by individuals, it would be of interest to carry out long term measure- 
ments by means of personal monitoring, in order to arrive at reliable data regard- 
ing the doses actually received. 


The natural content of radioactive elements in man 


In areas where the radium content of drinking water and food is not excep- 
tionally high, the potassium content of human tissue is the main source of internal 
irradiation (see Fig. 7). The doses in rad due to the amount of potassium 40 
(0.012% in natural potassium) in some human organs is shown in Table V. With 
respect to some tissues, particularly bone, the data of different authors vary 
considerably. 
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The content of carbon 14 and radon contributes about 5 and 10%, respectively, 
of the average potassium radiation. 

According to measurements by Hursh & Gates (3) and recently by Sievert & 
Hultqvist (4) (Fig. 8), the radium content of the ekeleton is probably less than 
0.3 . 10” g, in areas with a radium content in the water of less than 0.2 uu C per 
litre. According to Spiers (MRC), the mean dose to the osteocytes is about 6 rem 
per 30 years for 0.5 . 10° g total radium body burden. The radium amount is, 
however, very unevenly distributed in the skeleton, and the dose significant for 
the production of osteosarcoma therefore seems to be extremely difficult to assess. 

The variation with time and site in the natural internal irradiation is mainly 
a question of the variations in the radium content of water and food and of the 
radon in the air. Referring to what has already been said, it may be stated that 
there are not at present sufficient data available to give any reliable figures for 
different areas in the world. This also applies to the problem of the natural 
radioactive elements taken up in the pulmonary system. With respect to these 
matters, references can be made to a recent publication by Hultqvist (loe. cit.) 
in which an extensive bibliography is given. 

The common limits of the doses to large population groups (>100,000) and to 
individuals from natural radiations are collected in Table VI. 


MAN-MADE SOURCES OF IONIZING RADIATIONS 


Radioactive material and technical arrangements producing ionizing radiation 
used under such circumstances that the user is generally aware of the pres- 
ence of the radiation 


Here, occupational exposure and exposure of patients undergoing treatment 
or investigation in radiology are the two matters to be considered. 

The doses received by those carrying out work with ionizing radiation in 
education, science, medicine, technics, and industry are in most cases small, 
as the personnel can generally be adequately well protected. Furthermore, 
in all work where patients are not involved, there is no reason to permit 
irradiation which can in any way cause ill-effects. Here, the maximum per- 
missible levels for individuals and large population groups are exceeded in rare 
cases only. 

In radiology, especially some procedures in y-ray therapy and in examinations 
using X rays, circumstances do not always permit entirely satisfactory protec- 
tion of doctors and personnel. Here, the individual dose will sometimes be 
close to the maximum permissible levels, or even occasionally exceed them. 

The occupational doses contribute to the radiation per eapita of whole popu- 
lations with an amount which in the UK (MRC) has been estimated at about 
25 r per year as an average for about 14,000 people in research, medical and 
industrial work, and at about 0.4 r per year for about 7000 people in atomic 
energy work. Altogether, the average gonad dose per capita due to occupa- 
tional exposure is estimated at 0.0016 r per year or, if 10 years is supposed to 
be the average period of work before reproduction, the relevant average gonad 
dose for the whole population may be less than 0.02 r before 30 years of age. 
An estimate of the corresponding figure for Sweden has given a considerably 
lower figure. 

The occupational dose is apparently over the whole world attributed mainly 
to medical radiology, but is presumably very uncertain. It seems, however, 
that occupational irradiation does not at present contribute to the gonad dose 
of whole populations with any appreciable amount. 

The doses received by patients undergoing treatment and examination by 
means of ionizing radiations, on the other hand, are of decisive importance, 
since they contribute by far the largest exposure of the population to man-made 
sources of radiation. In Germany, France, Sweden, the UK, and the USA, 
investigations have been carried out in order to ascertain the doses to the 
patients during various types of radiologic procedures. Numerous publications 
are available but up to now estimations to find a correct figure for the present 
average dose to the whole population due to the irradiation of patients have 
been made only in Sweden, the UK, and the USA. The results are that the 
average gonad dose per capita to the patients examined seems to be of the 
magnitude of 1-3 r in 30 years. The reliability of these figures has been much 
discussed, and it seems advisable to await further investigations based on 
radiation measurements and some sort of sampling method, before accepting 
any definite figures. It is nevertheless highly probable that the order of mag- 
nitude of the figures quoted is correct, since the estimations were made inde- 
pendently in three different countries. 
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Sources of radiation used for purposes in which, as a rule, only the specialist 
is aware of the present of ionizing radiation 


At present, we are faced in this field with only a few matters of minor 
significance. The average gonad dose from luminous compounds in watches 
is found in the UK (MRC) to contribute to the average gonad dose by 0.001 r per 
year, and the radiation from television sets to a still more insignificant dose. 

In the future development of atomic energy it seems highly probable, however, 
that the use of radioisotopes for various purposes will change the situation, 
and constitute a new problem by the distribution in the community of a large 
number of small radiation sources, each being completely harmless individually, 
but collectively raising the level of irradiation of the population. 


Artificial radioactive elements distributed in nature 


WHO and the study group which it has convened are concerned with the peace- 
ful use of atomic energy and the effects of, for instance, radioactive waste 
disposal from such peaceful uses. However, it is essential to take into con- 
sideration the evidence available from atomic weapon tests since the problems 
in the field of artificial radioactive elements distributed in nature are at the 
present time mainly related to fallout from these tests. The dose due to the 
external y radiation from fallout may at present (December 1956) be disre- 
garded in comparison with the internal dose. 

If the fallout in the vicinity of the test area and the effects of radiation during 
the first few days after the explosion are disregarded, two different effects may 
be of interest. One is caused by mixed fission products of medium half-life (a few 
days to less than one year), the other by the fission products of long half life, 
particularly Sr 90 (28 years) and Cs 137 (83 years). 

Fission products of medium half-life are very unevenly distributed over the 
world after an atomic explosion. Here, meteorological circumstances play a most 
important role, since a jet stream, a cold or warm front causing turbulence in 
the atmosphere, and rain or snowfall can lead to a concentration of the radioactive 
material in some areas even at a great distance (several thousand kilometres) 
from the explosion. 

A typical example of such an effect is given in Fig. 9, showing the y radiation 
recorded during about one month in the four northernmost places indicated in 
Fig. 8b. The increase in the y radiation occurred about five days after an atomic 
bomb test. It is obvious from these observations that a comparatively narrow 
set of stations is required to give an adequate picture of the distribution. 

It has been shown by recent measurements of the y radiation from large samples 
of foodstuffs in Sweden that most of our food today (milk, beef, corn and vege- 
tables) now contains artificial radioactive elements, in many cases greatly ex- 
ceeding the K 40 radiation level of animals and plants. As an example, a decay 
curve obtained from powdered milk is shown in Fig. 10. 

After some bomb tests J 181 is easily detectable in the thyroid of growing cattle. 
The content of this element in Swedish cattle during September—October 1956 is 
shown in Fig. 11. The maximum dose per week was here 0.04 rad, or about 20 
times the dose due to the average natural radiation, which can be considered to 
be about 0.002 rad per week. It is to be noted that the effects demonstrated in 
Figs. 10 and 11 are due mainly to atomic bomb tests in August and September 
1956, but that even before that time the foodstuffs were contaminated to an easily 
detectable extent, partly owing to medium half-life elements, 

It is impossible to estimate today what doses have been received by populations 
in different parts of the world from mixed fission products. In comparison with 
the doses from the fallout of Sr 90 and Cs 137, the mixed fission products may in 
many cases give smaller doses calculated over a long period. It must, however, be 
borne in mind, that many biological effects are dependent—perhaps more than we 
know at present—on the intensity of the radiation. Often there is a threshold to 
be exceeded before a biological effect is obtained. Our knowledge of the effects of 
small doses over long periods is very scanty and we cannot as yet be sure that the 
time-intensity factor can be disregarded, even with respect to genetic effects. 

The fallout of Sr 90 and Cc 87 has been carefully studied during the past years. 
These elements are probably comparatively evenly distributed over the whole 
world (with the possible exception of the polar regions). Large amounts of these 
elements remain in the upper atmosphere and will successively contribute to an 
increase in their present abundance on the earth surface by a factor of 3-5, even 
if the firing of atom bombs is stopped. The incorporation of Sr 90 into the skele- 
ton may, in places where the calcium content of the soil is small, be regarded as 
important. 
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It does not yet seem possible to estimate the doses to human tissue due to fall- 
out, nor their distribution in time, which are necessary data for judging its pos- 
sible biologic significance. Experience during the past year is, however, likely to 
raise doubts as to the lack of biologic importanee to the tests ef nuclear weapons, 
at any rate if they are continued on the present seale. 

It is extremely difficult to predict what will in the future be the most important 
sources of radiation caused by artificial radioactive elements distributed in 
nature. There is reason to believe that the problems of disposal of radioactive 
wastes will be satisfactorily solved, and that precautions in the handling and use 
of radioactive material will be adequate, but accidents and unforeseen events 
may gradually spread radioactive substances of medium and long half-life beyend 
control. These radioactive materials will follow unknown paths, and may be 
harmful to mankind in ways that will become known to us only after long 
experience. 
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Taste I.—Roughly estimated doses in soft tissue by cosmic radiation in rad 
per 30 years (figures in brackets are estimated values in rem considering @ 
rbe of 10) 


i 








Dose in rad at an altitude above sea level in metros at Hours per 
week to 
Geomagnetic accumu- 
latitude late a dose 
of 50 rem 
Qo! 2000 1 4000 1 6000 3 12 0002 18 000! during 10 
years at 
18 000 m. 
ee ih are apts Ore 1.1 2.0 8 35 40 (400 €3h 
40°! ee 0.8 1.3 Dak 12 70 110 (1100 25h 
SS 6002 si ites ee 0.8 1.4 Quik 14 85 150 (1500) 17h 


1 Calculated from measurements of A. H. Compton and co-workers. (See D. Halliday, 1950: Introductory 
nuclear physics. New York, p. 461.) 
2 Calculated from measurements of R. A. Millikan and co-workers. (See H. J. Schaefer, Oct. 1950, Avia- 


tion Medicine, p. 383.) 


TABLE II1.—Caleulated gonad doses above various minerals 


eee ne eee EEEEEULEEEEECRESN EAN SLSR 




















Ionization (ion pairs/em3/sec) Gonad dose 
due to content of (excluding 
Mineral Diss cosmic 
radiation) 
Ra Th K r per 30 
years 
Igneous rocks: 
IK VOLTA eee eed cee eet asetesesaeecncanaee= 1.6 2.5 2.4 1.9 
Granites._......---.-------------.------------------|------------]---2-------- Fn ee SER 
North America, Greenland-_......--.-..--------- 2.0 i igh fa Io ee 2.0 
HInignd g2 oe pence a waewc Seat es Socasccesnes 5.9 Fide I Laat aes a 8 4.1 
Atpeitj2tsliek Jono 2h Sle et 5.5 6/9 Sess ee 4.3 
Basaltae: ives gee hit soot 2s es ese save) eh eae ol Rea baneee == 1 eg Be: 
North America, Greenland__..-.-----.--------- 1.2 7 Aa ll eps eat el pe Te 
England, Germany, France, and Hungary-.---- 1.6 PR mgt Hla eS 1.2 
Sedimentary rocks: 
Sandstonene Sat. teat tel alee s Doce. date eae 0. 4 1.0 0.9 0.8 
Limesheniee ene OE ton 1.3 0.2 0.3 0.6 
‘Alom shales in b WeueR uf acc en ace casceaesecen= 75 0.3 3. 2 21.0 
Ore containing: ! 
Ey Un naw acen ew ncnc nn nnen ene nnn n anew nnn ee nna n nena | en nc ene n anne | seme nennnnnn| san reennnnnn 1, 000 
1%, Th a nceecncnencectncoscenenencaseansenmasase| eqncenannnan|asenncconsce| -aomensncose 500 
0.01-0.001% Th *#.........--------------- o-oo en |---| 2 oe ene nnn] one eee one 0. 5-5. 0 


oe eee eee eee 


1 The uranium and thorium are in most cases very unevenly distributed and therefore the figures given 
kere may be of limited practical value. According to a personal communication from Professor Z. M. 
Bacq, University of Liége, the background radiation in Katanga, Belgian Congo, will reach 100-150 times 
the normal background. 

2 Travancore sand, containing monazite, according to a personal communication by J. Eklund, Geo- 
logical Survey of Sweden. 
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Taste Ill. —Summary of the results of gamma radiation measurements in 
Swedish dwellings (calculated from Hultqvist’s* figures; cosmic radiation 
excluded) 





Mean gonad dose in r per 30 years 


Middle of |Highest value] Lowest value 





Building material in outer walls 





room recorded recorded 
WWiD0U Cree cen ues cce mene ce ace. Soe eaee ee Non ee one 1.0 eal 0.95 
REST Kee pee eee re eae ee Le ee, ee eee 2.0 2. 2 1.9 
Light-weight concrete containing alum shale........--......-- 3.2 3.8 3.0 


1 Hultqvist, B. (1956) Kungl. Svenska Vetenskapsakademiens Handlingar, Ser. 4, Vol. 6, No. 3. 


TasLE 1V.—Average values for the irradiation of large population groups due 
to natural sources 


Sh hOB e Dil he at ll lS le en Eg elie ie aS Nl at ian aah 2-5 rem/30 years. 
ee is Soe a erg wh a ee ea SEI = oe etre? a! 2-3 rem/30 years. 
Ee eee i ei te tie oe Oe ko ee ee 4.3 rem/30 years. 


TABLE V.—Potassium content in adult human subjects according to Shol* (A) 
and Forbes & Lewis* (B & C) and the dose due to K 40 


























Weight in percent of Percent K 39 Dose in 
whole body organ rin 
Organ ae Se TER) eS | oe 0uyears 
mean 

A B Oo A B Oo (B and OC) 

kg kg kg 
tech: Bie = pe ee ee peepee | 7.3 6. 4 6.5 | 0.09 0.15 0.16 0. 30 
I RBICUOI) Seen settee eee ere eas 17.5 17.5 14.7 | 0.055 |} 0.10 0.11 0. 20 
LE Ce oe eS pe a a [i as LRA ee es | eS ee | ee OXO5W Tears = ee 
MVLEISCIGL 2c. ete ans saa cae g eee ES. 43. 0 89. 5 39.6 | 0.42 0. 33 0. 30 0. 62 
DSTA Spel tae 0 SE Se a De ened] a et 3.0 PRAWN ee ee al 0. 28 0. 29 0. 56 
i ee ae pS a ee aera Dal 2.3 2.3 .| 0.17 0. 27 0. 22 0. 49 
RCO eee ee cae eect oe cee eee neae 0.5 0.5 0.6 | 0.13 0. 22 0.19 0. 40 
GUO See nes 2 See ee eee 1.5 3.3 2.2 | 0.15 0. 24 0. 26 0. 50 
ROHOVS eee ok eae ee 0.5 0.5 0.4 | 0.17 0.16 0. 22 0. 38 
EL UT AC Mea ane oan cae ce cnene sacs aan endl sees ma 1.8 Le Oal come cea 0.13 0.13 0. 26 
RCL ITIOSE eee neo, Beene Te ee ee A i oeeecee 11.3 21949). seh 0.08 0. 06 0.14 
RGiialin Cleat ee ae ee eee eae ene eres 11.3 6545 ee ceeee 0.18 0.17 0. 34 
Wieicht.Joss.on.dissection Sot serss2e cesses |e Ssess = 2.6 Deo teen ee ooh 

70 53. 8 73.5 | 0.205} 0.212} 0.190 0. 40 





1Shol, A. T. (1939) Mineral Metabolism, New York, Reinhold Publishing Corp., 19. 
Forbes, G. B. & Lewis, A. M. (1956) J. clin. Invest. 85, 596. 
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TABLE VI.—Estimated values for the irradiation of the gonads of the population 
due to natural sources in rem per 80 years 


nn eee SUE EeUEE ISSEY IeSnUSnnInINEN UII SUSE 








For large population groups For individuals 
Minimum Maximum Aver- Minimum Maximum 
age 
Cosmic radiation.....- 0.7, including 3?, about 4,000 m 1? 0.5? (for some | 5? (50?) 3% 
screening in above sea level. miners). of 30 years 
dwellings. 18 000 m 
above sea 
level. 
Natural radiation: 
¥4 of 30 years out <0.1 above water | 1 above igneous 0.5 
of doors. (in boats), snew rocks, 
and ice. . 0 15 (207). 
34 of 30 years 0.9, in wooden 3, in some types 2 
indoors, houses, of brick and 
concrete houses. 
Radon in air......s...- 0.03, out of doors | 0.8, in cellar and 0.2 | <0.01 (<10-18 | 2.0 (10-1! c/1). 
and in wooden in stone houses c/1). 
houses with with poor ven- 
good ventila- tilation. 
tion. 
(3 x 10-18 ¢/1) (50 x 10-13 ¢/1) 
K 40 in body (-++0.03 
for O 14): 
CN Aebene ea 4 aie ot Os ae cee eee (ose cnet SOC LS OF DINO. Seeeeoen ee 0.2; 
Musclescsecdescscc OF esaceccweweuszte O.Jescecoeescesesss 0:7-|-~-0. Tecasrseeeceee 0.7. 
Gongds =] Sees 0:52.20 eee Core eee oe ONG P00 = soceeecaes Ess 
Approximate sum Tor* | ‘2 So AES GUST) eee ccas 4 spe Ls io 2 eee 20 (>50?). 


gonads, 
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Figure 1: Cosmic radiation at various altitudes according to Compton and 
coworkers. : 

Figure 2: Cosmic radiation at high altitudes according to Millikan and co- 
workers. 

Figure 3a: Variation in cosmic radiation at 50-500 m above sea level in Feb- 
ruary 1956 recorded in the four places I-IV as shown in Fig. 3b. 

Figure 3b: The site of Swedish background recording stations. 

Figure 4: Distribution of the average radiation in Swedish dwellings of 
three types. Z 

Figure 5: Decrease in y radiation with depth of snow cover for three dif- { 
ferent snow densities. 

Figure 6: The seasonal variation in y radiation recorded in four places (I-IV 
in Fig. 8b) and the corresponding snow cover plotted as negative values. 

Figure 7: The variations in the y radiation from human subjects of various 
age, sex and body weight. The radiation is to more than 95% due to the 
potassium content. 

Figure 8: Comparison of the whole body y radiation of persons living in a 
city with a radium content of about 0.2 uug Ra per litre and 1-2 uug Ra 
per litre (dotted curves) in the pipe water. 

Figure 9: The y radiation five days after a distant hydrogen bomb test, ob- 
served in the places I—IV in Fig. 3b. 

Figure 10: The decay curve for y radiation from mixed fission products in 
powdered milk in a sample taken in September 1956 measured by means 
of pressure ion chambers. 

Figure 11: The y radiation from J 131 in thyroids from grazing cattle. Meas- 
urements by means of a pressure ion chamber. 1000-g samples (50 thyroids). 
The dotted parts of the curves indicate the extrapolation of the decay curves 
observed back to the last day on which the majority of the cattle pre- 
sumably grazed. A-A corresponds to the MPL for large human popula- 
tions. 
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ANNEX 5 
DETECTION OF INDUCED MUTATIONS IN OFFSPRING OF IRRADIATED PARENTS? 
THE PROBLEM OF THE GONAD DOSE 


Among the various sources of ionizing radiation, apparatus for radiodiagno- 
sis and radiotherapy today represents the main contribution of man to the 
increase in background radiation. 

Radiodiagnosis, which is being carried out more and more frequently every 
year in all the developed countries, at present plays a dominant role in this 
connexion. Ranging as it does from the radiographs and radioscopies called 
for by some pathological condition, to the periodic radiographs of the whole 
skeleton used in studying the growth of normal children, the field of exploratory 
radiology now covers an extremely large proportion of the population; for 
example, in France, all children of school age are submitted yearly to system- 
atic radiographic examination. 

While there can be no doubt that most radiodiagnostic examinations affect 
the gonads only very slightly, all examinations of this type which involve the 
pelvic region may have genetic effects (for example, gynaecological and ob- 
stetrical examinations). 

One has only to consult the appropriate tables, such as the one drawn up 
by Plough,? to see that radioscopy may involve very high doses; for example, 
10 to 20 r per minute for a gastro-intestinal radioscopy. While techniques such 
as radiocinematography, which, happily, are not used very extensively, are 
much more harmful, since they involve even higher doses. Several authors 
have attempted to calculate the mean gonad dose, on the basis of isodose 
curves, for whole populations. The estimates vary according to the author, but, 
in general, the gonad dose may be taken as being of the order of one roentgen ; 
in other words, it represents a very considerable fraction of the quantity of 
natural radiation to which we are inevitably exposed. 

Be this as it may, these estimates are based on the assumption that the radi- 
ation emitted by such apparatus is of known quality and that the methods em- 
ployed in its application are standardized, which is very far from being the 
case. In fact, considering that radioscopic apparatus, often poorly shielded, is 
to be found more and more frequently in the consulting-rooms of general prac- 
titioners, one is justified in concluding that a very high proportion of radio- 
scopic examinations are being carried out by physicians with no formal train- 
ing in radiology. 

In the opinion of the writer and his colleague, Professor R. Turpin, it would 
be desirable to obtain, by means of surveys among general practitioners as well 
as in hospitals, an experimental estimate of the gonad dose involved in any given 
radiological examination, under the actual conditions in which the said ex- 
amination is carried out. Such surveys would make it possible to check the 
validity of the extrapolations at present in use. 

A simple method would be to place micro-counters—or, perhaps even better, 
small films of the type used in atomic plants—in contact with the genital or- 
gans of all persons examined. 

Even if such surveys were to result only in an increase in the precautions 
taken by those using X-ray apparatus, they would have partially fulfilled their 
purpose. 

Radiotherapy certainly represents a much smaller risk from the genetic point 
of view, on the one hand because it is carried out by specialists, and on the 
other because in most cases the people concerned are elderly. Nevertheless, on 
examining the statistics of the radiotherapeutic services of the Paris hospitals, 
Turpin, Lejeune & Rethore*® found that among 238,800 case-histories there were 
4.428 cases of pelvic irradiation of adults under 35 years of age. The propor- 
tion of the total—about 2%— is, ef course, low, but it does represent cases 
in which the radiation has impinged directly on the gonads of subjects who are 
still young enough to reproduce. 

Although the calculation of the gonad dose is much more reliable in radio- 
therapy than in radiodiagnosis, direct determination during all forms of treat- 


1 Submitted by Dr. J. Lejeune, Chargé de Recherche au Centre National de la Recherche 
scientifique, Paris, France. 

2 Plough (1952) Nucleonics, 10, 17. 

8’ Turpin, R., Lejeune, J. & Rethore, M. 0. (1956), Etude de la descendance de sujets 
traités par radiothérapie pelvienne. Note préliminare (paper presented at the First Inter- 
national Congress of Human Genetics, Copenhagen; unpublished). 
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ment (even extra-pelvic), by means of films or micro-counters placed in con- 
tact with the scrotum or in the vaginal fornix, would also be very desirable. 

It follows from the foregoing considerations that the aceuracy of an esti- 
mate of the mean gonad dose received in 30 years by nubile subjects should be 
checked by random sampling to determine the dose actually received under 
various examination conditions. It should be noted, however, that such work 
will be useless if it is not accompanied by systematic recording of the doses re- 
eeived by every individual in the population. 

One method of obtaining systematic records, though perhaps a little startling, 
has already proved its worth. It entails treating the administration of X-rays 
in the same way as that of morphine for example, by providing all owners of 
X-ray apparatus with a counterfoil book (of the type used for prescribing nar- 
cotics), in which every radiological operation should be recorded and the follow- 
ing particulars given: name, age, and address of patients; reason for the ex- 
amination, area examined; and details required for calculation of the dose (e. g., 
kilovolts, millicuries, type of filter, size of beam, etc.). 

In practice, this form of registration would probably involve very consider- 
able difficulties, but the increasing socialization of medicine would probably 
make it feasible for a known fraction of all radiological operations and would 
certainly draw the attention of the medical profession to a danger of which it 
is but little aware at the present time. 


METHODS FOR DETECTION OF MUTATIONS INDUCED IN OFFSPRING OF IRRADIATED 
SUBJECTS 


Sinee human geneticists cannot employ methods such as those used for Droso- 
phila, they have to resort to statistical comparison of two populations of child- 
ren supposedly identical in all respects save the dose of roentgens received by the 
gonads of their parents. 

(a) The study of abnormalities and malformations may reveal an increase in 
frequency in the progeny of the irradiated group. This increase could be con- 
sidered to be linked with the appearance of unfavourable dominant mutations. 
Although probably reliable in the case of definite genetic syndromes such as 
achondroplasia, this method is much less precise in respect of congenital ab- 
‘normalities as a whole, since the latter are affected by extremely varied factors 
(age of mother, parity, etc.). However, if sufficient data are to be obtained to 
make it possible to draw conclusions, all abnormalities must be considered. 

(b) The study of the frequency of sex-linked recessive diseases in the sons of 
irradiated mothers, although theoretically possible, necessitates such a large 
number of observations that it has not been undertaken. 

(c) The production of lethal genes can be more easily detected. The most 
Serious effect, sterility, is the one most generally known, but measurement of 
‘sterility or even of subfertility in man is extremely difficult. As has been 
remarked elsewhere (Turpin & Lejeune),* the actual fertility of civilized 
populations is hardly a third of the potential fertility of non-malthusian 
societies, which greatly diminishes the possibility of demonstrating the effects 
of sterility. 

On the other hand, it is logical to expect the production of dominant lethals 
to bring about an increase in the frequency of miscarriages, which is difficult 
to establish, and of stillbirths, which can be obtained with much greater accuracy. 

It is, however, essentially in the X-chromosome that the lethal genes can be 
detected, through a study of the sex ratio. Owing to the chromosomal structure 
of sex, the X-linked lethal mutations appear in different forms according to the 
sex of the irradiated parent. Thus, in the offspring of a woman exposed to 
radiation, dominant lethal mutations linked to the sex chromosome have no 
effect on the sex ratio, whereas sex-linked recessives bring about a deficit of 
‘boys. The contrary is true of men, in whose progeny only the dominant lethals 
manifest themselves by bringing about a deficit of girls. 

If we call “n” the average number of dominant lethals linked to the X-chromo- 
some in the offspring of men who have received a given dose of roentgens, 
then the following simple equation should apply: 


frequency of surviving daughters= xe”, 


number expected 


Turpin, R. & Lejeune, J. (1955), Bull. Acad. nat. Méd. (Paris), No. 5/6, p. 104. 
93299°—57—pt. 2——_50 
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since the number of mutable loci in the X-chromosome should be large enough 
for the distribution to be of the Poisson type. Moreover, since it may be taken 
as a first approximation that this average number, n, should be identical for all 
the chromosomes, the autosomally viable zygotes represent a fraction of the total 
fertilized ova roughly equal to (e”)*”, and it is in this fraction alone that it will 
be possible to observe a disturbance of the sex ratio. ; 

Similar reasoning can be applied to the case of the offspring of irradiated 
women, bearing in mind the fact of that there is a relationship between the fre- 
quency of the dominant and the recessive lethals. 

Since, in theory, the parameter n bears a linear relationship to the roentgen 
dose received, and since our estimates of the gonad dose are very approximate, 
there is probably a fairly strong correlation between the actual fertility of the 
parents after irradiation and the deviation of the sex ratio observed in their 
progeny. In other words, the most pronounced variations in the sex ratio 
would be shown by the offspring of parents who are almost sterile owing to 
the irradiation of one of them (for example, couples who have only one child). 

It follows from the above that, in the absence of an accurate estimate of the 
gonad dose, an overall study of the sex ratio of all children born of an irradiated 
father or mother may, if it does not take into account the number of siblings born 
after treatment, result in the masking of the phenomenon by a “dilution effect’, 
caused by the very numerous siblings who are the issue of a parent relatively 
slightly affected. 

Further, the problem of control samples can only be correctly solved by com- 
paring children born before and after treatment of the same irradiated parent 
and thus eliminating any genetic factor due to the couple itself, as well as the 
possible influence of siblings of one sex only. 

Finally, and bearing in mind the above limitations, it would seem that the 
sex ratio is the most sensitive touchstone for detecting the production of lethal 
mutations in the first generation of children born of irradiated parents. 


INFORMATION AVAILABLE AT PRESENT 


Relatively few direct investigations of the influence of irradiation have been 
carried out and the writer will mention them in succession here, under the 
headings of the three main characteristics referred to earlier: frequency of 
abnormalities, frequency of miscarriages and stillbirths, and variations in the 
sex ratio. 


(a) Frequency of abnormalities 


Murphy & Goldstein * and Maurer ® have published statisties on the offspring 
of women treated with X-rays or radium in the pelvic region. Unfortunately, 
neither of these papers can be considered very satisfactory, owing to the lack 
of detail concerning the families, on the one hand, and the absence of any con- 
trols, on the other. 

Two recent papers cast more light on this question. In 1953, Neel et a ha 
on studying the offspring of the survivors of the atomic bombing of Nagasaki 
and Hiroshima, did not find any increase in the frequency of serious abnormali- 
ties. While Macht & Lawrence® on comparing the children of fathers who 
were radiologists with those whose fathers were medical specialists not exposed 
to ionization risks, found a significant overall increase in abnormalities among 
the progeny of the radiologists. Unfortunately, the latter authors on the one 
hand included as abnormalities syndromes of a very varied and sometimes quite 
unsuitable nature (foetal erythroblastosis, for example) and on the other ac- 
cepted the diagnosis made by the parents themselves, who, though admittedly 
physicians, clearly lacked the necessary objectivity. These considerations greatly 
limit the significance of the conclusions drawn by Macht & Lawrence, but it is 
only fair to stress that if, from the authors’ data, those relating only to con- 
genital forms of heart disease are selected, the increase pointed out among the 
progeny of the radiologists remains statistically significant. 


(b), Frequency of miscarriages and stillbirths 


Macht & Lawrence® mention a non-significant increase in the overall fre- 
quency of stillbirths plus miscarriages, while Neel et al.’ report a non-significant 


5 Murphy, D. P., and Goldstein, L. (1929), Amer. J. Roentgenol. 22, 207. 
6 Maurer (1933), Zbl. Gynik. p. 819. 

™Neel, J. V. et al. (19538), Science, 118, 537. 

® Macht, S. H., and Lawrence, P. 8S. (1955), Amer. J. Roentgenol. 73, 442. 
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increase in the frequency of stillbirths. Finally, Crow,°® who studied the offspring 
of American radiologists through a survey, by questionnaire, which was carried 
eut along lines similar to those followed by Macht & Lawrence, has also reported 
a slight and non-significant increase in foetal mortality among the progeny of 
irradiated fathers. 

All in all, although the published data agree fairly well on this point, they 
eannot strictly be regarded as conclusive, 


(c) Variations in the sex ratio 


Of the publications already mentioned, only that of Neel et al.’ supplies any 
usuble material. For example, neither Murphy & Goldstein,® nor Maurer ® nor 
Crow ° indicate the sex of the children; and although Macht & Lawrence ® give 
some figures, they do not specify the sex of about 10% of the children, so that 
one can hardly rely on their statistics. 

In their preliminary report, Neel et al.’ showed that among the offspring of 
the survivors in Nagasaki there was a statistically significant deviation of the 
sex ratio, an increase being observed among the children of irradiated fathers 
and a decrease among those of irradiated mothers. On the other hand, such 
variations were small or non-existent in the more numerous offspring of the 
Hiroshima survivors. 

At the First International Congress of Human Genetics, held in Copenhagen 
in August 1956, Dr. J. V. Neel presented some further statistics on the subjects 
mentioned above, including all the births which had occurred in these families 
since 1953. In this larger sample, the deviations observed in 1953 are no longer 
discernible. 

In Paris, a survey has been carried out on the offspring of subjects given 
pelvic radiotherapy in all the hospitals in the city and the surrounding districts 
(Turpin, Lejeune & Rethore).* The initial findings, which are concerned ex- 
clusively with the sex ratio, were presented by Professor Turpin at the First 
International Congress of Human Genetics; they are briefly summarized in 
the table below. 


Offspring of various subjects before and after pelvic radiotherapy 


Number of children 
Subjects and reason for treatment Sex ratio 
J Q 

Before treatment: 

Neon (E38) varigus reasons 2s 255 Sk oe eR ls 116 115 0. 502-40. 034 

Wiomi(os4y sciatica reso meas ehest oth elon bode ae 242 223 0. 520-40. 024 

DIOS Aa een cee a A ee 8 ee ee eae! : 131 106 0. 553-40. 034 
After treatment: i 

Mem (65) <various reasons. (r* = 146) 1). eco ese See ee 68 62 0. 523-40. 048 

Miem.(194):-Sclatical @=120hr)2n tei lees ho aise beceusek 157 118 0. 571-0. 030 

WE omierie (Sh7 ea Weer GOUT) oe ee ee re le eo a een 63 73 0. 463-0, 044 





*r=average skin dose, not gonad dose. 


The figures given in the table show that, before treatment, the sex ratio of 
the children was statistically comparable in the two groups, i. e., the male and 
female subjects. After treatment of one of the parents, however, the sex ratio 
increased in the offspring of the treated fathers and decreased in those of the 
treated mothers, this heterogeneity being statistically significant. 


Conclusions 


In concluding this very rapid review of the few usable data at present avail- 
able, the writer would like to stress the following two points: 

1. The gonad dose per 30 years, in the form in which it has already been 
established.” “ probably gives an acceptable approximation of the risk resulting 
from artificial ionizing radiation. Nevertheless, an accurate evaluation can be 
arrived at only by systematic recording of all individual exposures. Moreover, 


® Crow, J. F. (1955), Amer. J. Roentgenol. 73, 467. 

10 Great Britain, Medical Research-Council (1956), The hazards to man of nuclear and 
allied radiations, London. J 

11 United States of America, National Academy of Sciences (1956), Biological effects of 
atomic radiation, 
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it is essential that the gonad dose actually received during irradiation under 
the conditions obtaining in practice should be checked experimentally. The 
first—and perhaps the most valuable—result of such investigations would prob- 
ably be a substantial decrease in the degree of exposure of the gonads. 

2. From an analysis of the observations already made, it appears that with the 
doses used in radiotherapy, it would probably be possible to detect some effect 
in the first generation. The urgency of research in this connection need hardly 
be stressed. It is only when a list of the mutations which are at present detect- 
able has been drawn up that it will be possible to extrapolate and obtain an 
estimate of the over-all genetic damage. 


: ANNEX 6 
Gonap Dosrs FroM DIAGNOSTIC AND THERAPEUTIC RADIOLOGY * 
DIAGNOSTIC RADIOLOGY 


Several estimates have been made recently of the gonad dose to the population 
in excess of that from natural background radiation, resulting from diagnostic 
radiology. These range in value from approximately 10% of the background 
radiation (Martin”) to approximately 58% (Clark*). Intermediate between 
these two is the estimate of Osborn & Smith ‘ of at least 22%. There appears to 
be some agreement, on present knowledge, that the “doubling dose” for many 
may lie between 30 and 80 r in a period of 30 years.. The concept of the “dou- 
bling dose” is, however, an over-simplification of the situation, as there most likely 
exists a spectrum of gene sensitivity. It may well be that already we are in 
the position that the mutation rate for some genes is significantly raised. 

The most comprehensive analysis yet made of the gonad dose from diagnostic 
radiology is that of Osborn & Smith.“ These authors make a number of points 
of considerable importance. First, they draw attention to the rapid expansion 
in the use of diagnostic X-ray procedures, adducing evidence that in England 
and Wales the number of X-ray examinations may, at the present time, be 
increasing by about 12% per year, and that in 1954 between 17 and 18 million 
examinations were made. They point out, however, that the adverse effect of 
this expansion, so far as the gonad dose is concerned, is offset to some extent by 
technical advances which have reduced the amount of necessary radiation 
exposure. Secondly, they draw attention to the important fact that only a small 
number of examinations, amounting to about 7% of the total, contribute the 
major portion (about 75%) of the gonad dose. These examinations are those 
of the hips, the lumbo-sacral spine, the pelvis, the urinary tract (intravenous and 
retrograde pyelography) and pelvimetry. By and large these findings are eom- 
parable to those of Martin.? 

Of serious import is the widespread use of pelvimetry and other X-ray obstet- 
rical examinations of the abdomen, not to speak of examination of the maternal 
abdomen for other than obstetrical purposes. According to Osborn & Smith, 
at least 26,000 pelvimetries are carried out annually in England and Wales and 
86,000 other obstetrical X-ray examinations. These authors calculate that the 
maternal gonad dose from pelvimetry alone amounts to 3% of the gonad dose 
to the total population of both sexes, and the foetal dose to aS much as 15.6%. 

The real criticism of the work of Osborn & Smith lies in the fact that their 
results are based on a sample of only five hospitals—two teaching and two non- 
teaching hospitals and one children’s hospital. It is doubtful whether this is 
an adequately representative sample of the hospitals of England and Wales, 
particularly as there is some evidence, especially from a study of pelvimetry, 
of considerable variations in radiographic techniques. 


THERAPEUTIC RADIOLOGY 


The great majority of patients treated in radiotherapy centres are suffering 
from malignant disease and are either actually or effectively past the reproduc- 


1 Submitted by Dr. W. M. Court Brown, Director, Group for Research into the General 
Effects of Radiation (Medical Research Council of Great Britain), Radiotherapy Depart- 
ment, Western General Hospital, Edinburgh, Scotland. 

2 Martin, J. H. (1955), Med. J. Aust. 2, 806. 

® Clark, 8. H. (1956), Bull. atom. Scient. 12, 14. 

« Osborn, S. B. & Smith, E. E. (1956), Lancet, 1, 949. 
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‘tive age. However, a proportion of young persons are treated for a variety of 
nonmalignant conditions. These conditions are grouped into those treated dur- 
ing childhood and those treated during early adult life. In the former group 
are haemangiomata, keloids, hypertrophic tonsillar tissue, bone cysts, etc. The 
conditions treated during early adult life are mainly ankylosing spondylitis, skin 
diseases, keloids, some menstrual disturbances and, occasionally, bone cysts. 

The childhood conditions chiefly occur. on. the upper half of the trunk and 
on the limbs, and, on the whole, are treated with low-voltage radiation given 
on small localized fields. It is unlikely that these treatments contribute to the 
gonad dose to any great extent. 

Of the conditions irradiated in early adult life, so far as experience in Great 
Britain is concerned, the treatment of ankylosing spondylitis is likely to con- 
tribute an appreciable fraction to the gonad dose. Some tentative estimates 
which have been made of the size of this fraction are given below. No informa- 
tion is ayailable on the contribution from the treatment of skin diseases, but 
there is every reason for believing that it may also be appreciable. 


ANKYLOSING SPONDYLITIS 


During the past year an epidemiological survey has been carried out to 
determine the incidence of leukaemia among patients treated with X-rays for 
ankylosing spondylitis. This survey covered all the radiotherapy departments of 
England and Wales, and of Scotland, at present operating under the respective 
National Health Services. In the course of the survey, data were recorded con- 
cerning 13,852 patients, who were treated between the years 1935 and 1954, in- 
clusive—presumably the majority, if not the great majority, of the patients 
treated for this disease in Great Britain during the period in question. 

It is possible to make some rough and very preliminary estimates of the 
minimum contribution to the gonad dose as the result of the treatment of anky- 
losing spondylitis in Great Britain, on the assumption that the testes are not 
shielded during treatment. 

The beneficial effects of X-ray treatment for this disease were only widely 
recognized during the Second World War, and there was a steady annual in- 
crease in the number of new patients irradiated up to 1950, since when there 
has been a tendency for the number to diminish slightly. For the period 1949 
to 1954 the average number of new cases per year was 1336, of which 1109 (88%) 
were males. Of these 53% were under the age of 35. Of the females, 48% 
were less than 35 years of age. 

The average standard first course of treatment for a male patient has been 
taken as follows (based on dosage information from a random sample of approx- 
imately one in six of the whole population) : 

(a) A single 15 cm x 10 em posterior field centred over the sacro-iliac joints, 
the large axis of the field being horizontal. 

(b) A series of fields irradiating the whole length of the spine and extending 
from the upper margin of the sacro-iliac field to the upper part of the neck. 
On an average, the breadth of these fields is 7.5 cm. 

(c) A total skin dose to each field of 1500 r (half value layer 1.6 mm). 

From measurements made in a phantom man it appears that a dose of about 
45 r is received in the male gonads during such a course of treatment. 

Measurements have not been made of the gonad dose received by females. 
In some centres the female sacro-iliac area was treated similarly to the male 
area; but in many others definite attempts were made to avoid the ovaries. The 
direct irradiation of the sacro-iliac region to 1500 r is almost certain to induce 
permanent sterility. For present purposes it is assumed that the ovarian dose 
received is on an average 45 r. 

The contributions to the gonad doses every year from the treatment of anky- 
losing spondylitis have been calculated (see table below) on the basis of the 
following de facto populations for England, Wales and Scotland (1952): 
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Gonad dose (in milliroentgens) per head of population per year in England, 
Wales, and Scotland 
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These estimates can be considered to be minimal ones. No less than 46% 
of the males and 44% of the females were given more than one course of 
treatment. Many of these additional courses were given to the lumbo-sacral 
region and to the hip joints. However, two other factors which tend to diminish 
either the size or the effectiveness of the gonad dose must be taken into con- 
sideration. First in some radiotherapy centres it was standard practice to 
provide some form of lead shielding for the testes; this was by no means a 
universal habit, however, and a number of instances of male infertility, some 
of which could have been the result of X-ray exposure, were discovered. Sec- 
ondly, it may well be that sufferers from spondylitis are sub-fertile. The disease 
is a crippling one and is frequently accompanied by pulmonary tuberculosis 
and ulcerative colitis. There is, however, no published evidence on this point. 

To sum up, the radiotherapy of patients suffering from ankylosing spondylitis 
in Great Britain will give a gonad dose per year of at least 1% of the natural 
background, and possibly appreciably higher. A more rigorous examination of 
the contribution from this source, and an analysis of the contribution from 
other types of radiotherapy, including the use of radioactive isotopes, could well 
bring the total contribution from radiotherapy up to the level of about 8% 
suggested by Clark* for the USA, or perhaps to an even higher level. 


DISCUSSION 


So far as the writer is aware there is no direct evidence of a steady upward 
trend in the incidence of any of the undesirable traits that might be expected 
with any increase in the mutation rate due to the steady expansion of medical 
radiology. The direct epidemiological approach to this problem is clearly beset 
with difficulties, not the least being the very large population that would have 
to be kept under observation and the inaccuracy and inadequacy of death 
certification. 

There is, however, some evidence from which it could be argued indirectly 
that an increase in undesirable traits may already be taking place. For 
example, recent work has demonstrated a significant increase in the mortality 
from leukaemia among persons treated with X-rays for ankylosing spondylitis, 
and it has also been possible to demonstrate the existence of a relationship 
between the annual incidence of leukaemia in these patients and the radiation 
dose to the bone-marrow. Some preliminary data have been published (Court 
Brown & Doll®). On the evidence as it. stands it seems possible that radiation 
leukaemogenesis in man is a non-threshold effect, and that over the range of 
dose met with in ordinary civilian life the dose-response relationship is a 
simple proportional one, analogous to that for the induction of mutations. If 
this were finally shown to be the case, two deductions would become valid. 
First, that a proportion of naturally occurring cases of leukaemia are probably 
due to natural background radiation; and, secondly, that any increase in 
the background radiation from artificial sources will be associated with an 
increased mortality from leukaemia. 

The mortality from leukaemia is known to be rising. Thus, the annual crude 
death-rate for both sexes rose in England and Wales from 26 in 1940 to 49 
in 1954. The corresponding figures for Denmark are 48 and 71, for Canada 
30.and 51, and for the USA 389 and 63 (in 1953). Undoubtedly part of this 
increase is due to changes in diagnostic criteria and improvements in diagnostic 
techniques. There is, however, a general feeling that it may in part be real 


5 Court Brown, W. M. & Doll, R. (1956), Appendix B: Leukaemia and aplastic anaemia 
in patients treated with X-rays for ankylosing spondylitis. In: Great_Britain, Medical 
Research Council, The hazards to man of nuclear and allied radiations, London, p. 87. 
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and absolute. If this be the case, and if the dose-response relationship over 
the relevant range of dose be linear, then part of the increased mortality 
from leukaemia may well be due to the expanding use of radiations, particularly 
diagnostic radiology. If the incidents of such traits as haemophilia, muscular 
dystrophy, and achondroplasia could be examined in the same way, it is more 
than probable that at least a qualitatively similar upward trend would be found. 


ANNEX 7% 
MuTATION IN Man? 
1. INTRODUCTION 


The study of gene mutation in man has two aspects. The first concerns the 
ascertainment of spontaneous mutation rates at specified loci. This gives infor- 
mation about human evolution in general as well as about the causation of 
certain rare diseases and defects. The second aspect, which has only recently 
become significant, concerns artificially produced mutagens and, in particular, 
the genetical effects of ionizing radiation. In order to estimate the magnitude 
of these effects a knowledge of spontaneous mutation rates at given loci is 
required and the sensitivity of these loci to radiation needs to be ascertained. 


2. MEASUREMENT OF SPONTANEOUS MUTATION RATE 


Estimation of mutation rate in man, in relation to any given hereditary trait, 
depends upon ascertaining three things, the incidence of the trait in the general 


population, the nature of the genetical contribution to the cause of the trait, 


and the fitness of the genotypes concerned. These phenomena are not neces- 
sarily constant. As seen in the population at the present time they may not 
represent the true picture over a long series of generations, during which 
natural selection has been acting. They only give us the first clue to conditions 
which govern genic equilibrium in human populations. 

There are two standard methods of approach, the direct and the indirect. 


(1) Direct observation 


The most favorable case for estimating mutation rate directly occurs when 
the gene studied is detectable with certainty or regularity in heterozygotes. 
Instances of fresh mutation can then be observed in families where a gene 
appears in an offspring although it was not present in the parents. The ideal 
kind of regular dominance required for this is rarely (perhaps never) found in 
human genetics. Man is a wild species, under natural selection, unlike labora- 
tory stocks, and consequently most single gene effects, especially those shown in 
heterozygotes, are subject to modification. Even with the most reliable charac- 
ters, such as blood group antigens, suppression is possible by gene interaction 
(Levine et al. 1955); such events could easily be misinterpreted as evidence 
of mutation by the unwary. 

The situation for sex-linked genes is quite favourable, theoretically, for direct 
observation of fresh mutation because modification of a character shown in 
homozygous males is usually slight. Occasional families will be observed 
in which the probability is very great that the disease in the propositus is due to 
fresh mutation. The proportion of sporadic cases can also be inferred if the 
sibships show an excess of sporadic propositi. 

For recessive traits the problem is much more difficult because heterozygous 
carriers are not detectable in ordinary circumstances. In cases where special 
techniques have been developed for identification of carriers the problem is 
resolved into one of detection of mutation for a dominant condition, as demon- 
strated by Vanderpitts et al. (1955) for sickle cell trait. Direct observation 
of cases of recessive diseases due to fresh mutation is very unlikely to be 
possible because only a very small proportion of cases of a recessive trait in a 
given generation can be attributed to fresh mutation in a parent. For diseases 
in which a single gene is only a part cause and in which environment has a 
great effect upon manifestation, the contribution of spontaneous mutation is 
likely to be even less significant. The same applies to conditions due to the 
interaction of many genes. For none of them can mutation rates be directly 
determined. 


1Submitted by Dr. L. 8. Penrose, Galton Professor of Eugenics, University College, 
London, England. 
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(ii) The indirect argument 


When the total effects of a gene are very AteRi pa heaBeos an indirect 
line of argument can be used for estimating mutation rate, even though the 
gene may not be manifest in the heterozygous state. Principles on which the 
indirect estimation of mutation rates can be based were laid down by Haldane 
(1932). The assumption can be made that the human population is in a state 
approaching genetical equilibrium under natural selection. It is supposed that 
disadvantageous genes could not persist in the population unless their extinc- 
tion by selective mortality were completely balanced by the resurrence of 
mutation. 

In the case of dominant or sex-linked characters associated with very high 
mortality, the direct measurement of mutation rate can be supplemented, and 
its plausibility greatly strengthened, by the indirect argument. The best situa- 
tion for this combination occurs in the case of a very deleterious dominant 
trait. This is a rare circumstance. If the disease is not very lethal, there will 
be difficulty in measuring the unfitness conferred by the gene: if it is very lethal, 
there is difficulty in providing the dominant mode of inheritance, as it will 
seldom last even for two generations. Sometimes the problem might be solved 
for a locus, which had several different known alleles, some producing milder 
and others severer types of disease. Then, in each of the severest cases, mutation 
of a lethal allele will be observable. This possibly occurs in both epiloia and 
chondrodystrophy. For mild alleles, which last for several generations, the 
proportion of cases due to fresh mutation is correspondingly smaller. 

Estimates which are entirely indirect, are untrustworthy but they have actu- 
ally been made for a variety of genes recognized only by their recessive effects. 
One cause of uncertainty with recessive traits is that allowance has to be 
made for the results of inbreeding. Another likely source of error is that 
gonetical equilibrium can be maintained not only by mutation but also by 
slightly advantageous effects in heterozygotes. That is to say, on the balance, 
the total effect of a gene may be much less bad than appears from studying 
abnormal homozygotes and then an indirect estimate of mutation rate will give 
mueh too high a value. 


8. SOME STANDARD ESTIMATES OF HUMAN MUTATION RATES 


Mutation rates have been calculated for quite a large number of genes in man. 
it is preferable to express them in terms of loci per generation, if we wish to 
avoid controversy, because slightly different forms of the diseases concerned can 
be accounted for by the same allele or by different alleles. If there are several 
very closely linked loci giving rise to a pseudoallelic system, the real mutation 
rate for each separate element is lowered by a factor depending upon the number 
of elements in the complex. 

(i) Dominants 

The most exact estimates for supposedly single loci are probably those for 
very deleterious dominant traits (see Table 1). Allowing for the probability 
that more than one disease entity may be classified under each heading, they 
are maximal values. The average value for six conditions is about 14x10~. 

Owing to the classification of more than one type of chondrodystrophy under 
the same heading the rate given is likely to be considerably too high. Accord- 
ing to Grebe (1955) there are several clinical types; and some cases may be due 
to recessive genes. Furthermore, these different types may have different 
mutation rates, 

Another, dominant, condition, which apparently has a relatively high muta- 
tion rate, namely, retinoblastoma, occurs perhaps not infrequently as a pheno- 
copy (Vogel 1954) not transmissible to the next generation. ‘The same idea 
could be applied also to other conditions listed in Table 1, such as microph- 
thalmos. 

The indirect argument, which supports all these estimations, can only be 
used ‘when there is a strong selection against the gene studied. Theoretically 
it should be possible to obtain mutation figures for several blood antigens, e. g. 
ABO or MNS, but selection against any of these genes is too slight and indefinite 
to be used as indirect support for the mutation hypothesis. On the other hand, 
the indirect argument can be extended to cover certain cases in which the com- 
bination of several genes at different loci is lethal or very deleterious. Thus a 
lethal condition, caused by the simultaneous presence of two heterozygous 
genes, will imply that each of the genes concerned mutates frequently enough 
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to make good the loss occasioned when it occurs in conjunction with the other. 

Taking all these considerations together we can reasonably assume that the 
mutation rates for loci giving rise to dominant genes, though somewhat too high, 
are of the right order of magnitude. It seems that, for most of these dominant 
diseases, the rate should be considered to be about 5X10~. 

(ii) Sex-linked loci 

The prevalence in man of sex-linked diseases which are very lethal is dif- 
ficult to explain except on a mutation hypothesis. Direct evidence based upon 
observed low incidence of haemophilia in sibships and in maternal collateral 
relative also supports this explanation. The matter has been repeatedly in- 
vestigated by Haldane (1946, 1955) and there seems to be some evidence that 
mutation more commonly occurs in males than in females. The two sex-linked 
diseases which have given information about human mutation rate are haemo- — 
philia and pseudohypertrophiec muscular dystrophy. In both cases there are 
many types of illness easily confused with one another clinically. Sex-linked 
types are identified by pedigree studies and by their occurrence in males only 
but, by this process, some autosomal cases may occasionally be incorrectly in- 
cluded. <A characteristic difficulty is the exclusion of autosomal sex-limited 
conditions. 

In the standard examples of haemophilia and sex-linked muscular dystrophy, 
mutation rates have been estimated several times but always on the assumption 
that, in each disease, there is only one locus involved. These rates, as shown 
in Table 1, are considerably higher than the direct estimates for autosomal 
dominants. Perhaps the X-chromosome is peculiar in that it has many complex 
loci or distinct loci with similar effects. 


(iii) Recessive traits 

A recessive trait in man can be defined as one which depends upon a gene in 
homozygous form. There may be mild manifestations detectable in heterozygotes 
(e. g. thalassaemia, galactosaemia, cystinuria) but the disease in the homozy- 
gote is the effect with which we are concerned. The indirect estimates of mu- 
tation rates for recessive diseases, shown in Table 2, assume that the heterozy- 
gote is neutral in its effect upon fitness. If the heterozygotes were deleterious, 
as suggested by Book (1953) for schizophrenia, the values would have to be 
increased. Conversely if heterozygotes were slightly favourable, the values 
would have to be reduced. 


Taste 1.—LHstimates of spontaneous mutation rates of some human genes: 
(a) Dominant inheritance; (0) sex-linked inheritance 
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1 See Penrose (1956a). 
2 This estimate differs by a factor of 2 from that given by the author but it is based on his material. 
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TABLE 2.—Indirect estimates of spontaneous mutation rates on the assumption 
of recessive inheritance 
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1See Penrose (1956a). 


A very slight amount of heterozygous advantage is sufficient to keep a rare 
recessive lethal in stable genic equilibrium in the absence of mutation so that 
the calculation of mutation rate is very easily invalidated. This is an extremely 
important principle and is worthy of detailed consideration. 

Most well known recessive traits cannot easily be supposed to have arrived at 
their existing levels of gene frequency (e. g. 1/100 for phenylketonuria ) by 
chance or by “drift’. The situation for commoner genes is even more striking. 
For tnalassaemia and sickle cell trait (Neel 1951), cystic fibrosis (Goodman & 
Reed 1952), spastic diplegia (BO6k 1953) and schizophrenia (Penrose 1956a) 
improbably high mutation rates have to be postulated. Indeed the maximum 
rate for sickle cell trait, derived from direct observation on heterozygotes, is 
much lower than that calculated indirectly (Vanderpitte et al. 1955). These 
common traits could not have easily established themselves unless the heterozy- 
gotes had some advantage. The advantages may have been local ones in the 
distant past, for example, ability to withstand infections, plagues, famines, 
abnormal climates and so on. 

It is not necessary to postulate any virtue in the heterozygote as such. It 
could be sufficient if the mutant alleles were favourable at one epoch and un- 
favourable at another epoch, in different circumstances or at different stages of 
the same life cycle. The principle of genetical stability produced by heterozy- 
gous advantage or, more accurately, homozygous disadvantage, is one which has 
been understood for a long time (Fisher 1930) but only recently taken seriously. 
In human genetics it is exhibited by such a system as may be present in relation 
to the sickle cell trait in Africans. The disadvantage of one homozygote, SS, 
which suffers from anaemia, is balanced to some extent by disadvantage of the 
homozygote, AA, which is especially susceptible to malaria caused by P. 
Falciparum. Balanced human genetical systems are shown in metrical traits 
because the extreme types, which tend to be homozygous, are relatively un- 
favourable. Examples are stature, birth weight and intelligence level. For 
intelligence, in particular, there is a marked fertility differential in one direction 
and a viability differential in the other. That is, low intelligence levels are 
associated with low viability and high levels with low fertility. 

In all such cases of balanced polymorphism the variation, which is apparently, 
reduced each generation by loss of extreme types, is not maintained by fresh 
mutation. It is maintained simply because the heterozygotes, who tend to have 
medium metrical value, are the parents of most children in each successive 
generation. In these circumstances it is quite useless to attempt to estimate the 
mutation rates of component genes: any indirect estimate will be far too high. 

It has been suggested by Haldane (1939) that the converse may be true, namely 
that mutation rate estimates for recessive traits are often too low. The argu- 
ment used is that the true incidence, which recurrent mutation would theo- 
retically balance, has in the past been much greater than it is at the present time. 
This is likely because inbreeding, which facilitates the appearance of recessive 
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diseases, has been gradually diminishing for many decades in all civilized com- 
munities. I believe this argument to be unsound because the incidence of rare 
recessive traits in man is extremely irregularly distributed. Tay-Sachs disease 
is almost confined to Jewish communities as also is pentosuria, Cooley’s disease 
has centre in the Po delta. Phenylketonuria, on the other hand, does not occur 
among Jews. Sickle cell anaemia is common in Africans. Juvenile amauratic 
idiocy is commonest in Sweden and acatalazaemia has only been found in Japan. 
These facts suggest that recessive mutations are very rare but that occasionally 
they have spread for unknown reasons probably connected with heterozygous 
advantage at one epoch or another. If mutations were not very rare the same 
set of recessive diseases would appear in all communities or at least in all inbred 
communities throughout the world. 

To sum up the discussion on spontaneous mutation rate, my view is that, for a 
variety of reasons, most mutation rates already calculated are too high; points 
to be stressed are, first, that mutation may be mimicked by suppression of even 
the most regular kinds of dominant inheritance, secondly that different condi- 
tions are grouped under single clinical headings, and, thirdly, that heterozygotes 
of established recessive lethal traits are likely to have carried slight advantages 
in the past even if they do not at the present time. 


4, EFFECT OF INDUCED MUTATIONS 


The immediate effect of an increase above spontaneous mutation rate is most 
easily calculated when the gene is dominant. The rule, however, is quite 
general. The increase of incidence of any trait in the first generation, due to 
induced mutation, depends upon the proportion of cases due to fresh mutation in 
ordinary circumstances. For lethal dominants and sex-linked traits this pro- 
portion is large but in lethal recessives it is very small. It is also small for 
dominants which are very imperfectly manifested as with those contributing to 
multifactorial traits. The rule refers to the effect in the first generation or in 
closely succeeding generations, which especially interest people now living. 
The total quantitative effect on the population of altered mutation rate is 
theoretically the same whatever the manner of inheritance but, in the case of 
recessive or heavily modified dominants, a slight effect is maintained over such 
an enormous length of time, many thousands of years. 

The proportion of cases of a lethal condition due to fresh mutation in any 
given generation can be estimated on the basis of the indirect argument. If the 
mutation rate, », is expressed as a function of the gene frequency thus, 


u=t(q) 


it follows formally that the proportion of cases in any given generation due to 
fresh mutation, a quantity which can be called M, is given by the approximation, 


M=du/dq. 
For example, for a recessive lethal trait, 
u=q’, and so M=2q. 


Substituting 1/40 000 for q?, the frequency of juvenile amaurotic idiocy as esti- 
mated by Sjérgren (1931), we get M=1/100. In view of what has been said 
about the use of the indirect method this is probably an upper limit but it shows 
how little effect a change in spontaneous mutation rate would have upon the 
incidence in the next generation after it had occurred or, indeed, in any sub- 
sequent generation. Doubling the mutation rate would only increase the inci- - 
dence by one or two per cent. in the first subsequent generation. 


5. SENSITIVITY OF HUMAN LOCI TO RADIATION 


Much has been written about the probable sensitivity of human loci to radia- 
tion using experimental data on lower animals as a basis for comparison. Direct 
observations on man, however, are essential and three sources of information 
are at present available. 


(i) The comparison of offspring of selected parents exposed to different quan- 
tities of radiation 

This is the method attempted in several comparative studies. Children of 

radiologists have been examined by Crow (1955) and also by Macht & Lawrence 
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(1955) and the exposed Japanese population by Neel and his colleagues (Neel & 
Schull 1954). A development of the same idea is implied in two other proposed 
types of investigation. One of these is the special examination of children of 
patients who have received large therapeutic doses of radiation before conception, 
as may be the case in sufferers from spondylitis. The other suggested method 
is to examine the incidence of mutations in areas where the natural background 
radiation is high. Each of these methods, though theoretically possible, has its 
own special technical difficulties. There is a general objection to all of them, 
however. Fresh mutation is a phenomenon which can only very rarely be 
observed even though it may be occurring all the time. ‘To search for slight 
increases in incidence of traits which, in the case of known recessives, will not 
exceed one per cent. requires the collection of enormous quantities of data and 
results are likely to be inconclusive. These methods are, in fact, rather ineffi- 
cient even after allowances have been made for sources of error peculiar to 
each type of enquiry. 


(ii) The examination of parental history in known instances of mutation 


An alternative and more efficient method, which has received scant attention 
hitherto, is the eareful examination of the personal histories of parents and, 
in certain instances, of grandparents, for groups of cases where fresh mutation 
is suspected of having played a part in causing disease in the offspring. This 
method has already produced valuable results by using the simple test of parental 
age. 

Clearly, the older the parent the more likely he is to have been subjected to 
mutagenic influences. If the influence is background radiation, at the age of 
40 the dose will have been. twice that received at the age of 20. The net effect 
on parental age distribution of diseases in the offspring caused by background 
radiation alone, though definite, would be slight. The expected average increase 
would be scarcely more than one year above normal parental age (Penrose 1955a). 
Marked effects confined to one or other parent have, however, been observed in 
several malformations. Marked increase of father’s age has been found in 
chondrodystrophy and acrocephalosyndactyly, as shown in Table 3. On the other 
hand, the incidence of mongolism is associated solely with advancing age of the 
mother. It would appear, thus, that, in so far as these traits may have their 
origin in fresh mutations, the causes must be different. In particular, a marked 
increase in paternal age strongly suggests some process connected with cell 
division in the spermatogonial stage which might be chemical in origin. The 
effect does not appear in other traits thought to be often caused by fresh mutation, 
such as epiloia, neurofibromatosis and retinoblastoma, where only slight and 
statistically insignificant parental age increases have been registered. 
Mongolism would, by the same test, appear to have an entirely different cause. 


TaBLe 3.—Mean parental ages in sporadic cases of diseases attributed to fresh 
mutation compared with control mean ages 





Excess over control 
mean (years) 
Disease Source ! Control] Number 
mean 2 of cases 
Father’s Mother’s 
mean age mean age 








Chondrodystrophy.....- Mo¢grch (1942) 2.5 22i lei te D 97 +5. 4 
Kroothy(1952).6.0. ete. E 16$176 | +6.8'>+5.1 
GrepenGUpo) coe a= ee eee G 63 +4.3 

Acrocephalosyndactyly_-| Grebe (1944)__....-_______.__ G 7 +5. 5 

Bpiloia:t! s7uee Se ee Gunther & Penrose (1935) ._- E 12 33 +0. 8 0.5 
Borberg (1951)....--.-.--.. D 21 +0. ayt 

Neurofibromatosis_...._- BorbergslOol a2. eno cere D 49 +0. 9 

Retinoblastoma. __-.---- Neel & Falls (1954)_..-_____- M 64 +0. 5 

Mongolism 223235228 penulzi(1931) 2 - eee G 80 +5. 3 
Mster. (1953) cilia ces. Bikes D 369-664 | +5.3-+5.8 
PEO TOSe, (1950) 20. ok See E 215 +6.8 








1 See Penrose (1956b). 
2 E, England: father 30.9; mother 28.6. D, Denmark: father 33.3; mother 28.6, G, Germany: father 32.6; 
mother 28.9. M, Michigan, USA: father 30.5; mother 26.4, 


The investigation of parental age is only one part of the problem. The history 
of parental exposure to X-rays and other kinds of radiation needs to be recorded;, 
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occupational risks and possible exposure to chemical mutagens from external 
sources could also be made the subject of enquiry. 

(iii) Observations on somatic cells 

It has been suggested that a tissue culture treated by exposure to a known 
dose of radiation could serve to investigate the sensitivity of human cells. Tech- 
niques of this purpose will no doubt be developed in time though such experi- 
ments may never be critical because germ cells could have different sensitivity 
from that of somatic cells. This objection may be for the moment left on one 
side, however, while we search for existing data which might give clues to muta- 
tion rate in somatic cells. The obvious source of information is observations 
concerning inductions of tumours by radiation, 

It has until recently usually been assumed that very small amounts of ionizing 
radiation have no effect on the induction of leukaemia. This is now doubted 
and the relation between bone marrow dose and incidence of leukaemia is thought 
to be not unlike the linear effect observed in the induction of X-chromosome 
lethals in Drosophila. Some idea of the dosage to bone marrow required to 
double the spontaneous leukaemia rate can be obtained from unpublished figures 
(Court, Brown & Doll 1956) and it is in the region of 30 to 50 roentgen units. 

This line of thought leads to another interesting idea. The suggestion has 
been made that many sporadic cases of retinoblastoma arise as phenocopies. Is 
it not possible that these phenocopies are simply somatic mutations of the same 
gene which sometimes is carried in the germ track causing a dominant type of 
inheritance? 

6. THE “LOAD” OF ABNORMAL GENES IN MAN 


Finally, I would like to mention one or two points about the total effect of 
mutation on man since this has been so much discussed recently. Consider the 
total number of zygotes formed in a generation. We have no idea how many 
fail to pass through the first few divisions and never develop into embryos. In- 
deed it is impossible to estimate how many embryos are lost in the first six 
weeks after fertilization. According to Yerushalmy (1945) 15 per cent. of human 
. pregnancies are known to terminate in miscarriages or abortions. Beyond this, 
three per cent. are stillborn and two per cent. are neonatal deaths. In addition, 
early mortality after the first month amounts to three per cent. These are 
figures for European and North American communities, where infectious diseases 
and malnutrition are under efficient control. In many parts of the world they 
would be gross underestimates. Among those who survive to adult status, 20 
per cent. are unmarried and of those who do marry some 10 per cent. are 
infertile. How much of this continuous loss of zygotes, which may amount to 
about 50 per cent., is genetic is not known; by analogy with results obtained on 
ordinary metrical traits such as stature and intelligence, about half of this loss 
of zygotes might me directly hereditary. Perhaps the main factors are recessive 
lethals. If this were so, the indirect argument would lead to the conclusion that 
about a quarter of zygotes are lost each generation and that the genes which are 
thereby eliminated are replaced by fresh mutations. This points to the further 
conclusion, that a large increaSe in mutation rate, say permanent doubling, 
would eventually increase this lethal lead to a half and would greatly reduce 
human fitness, though the immediate effects would be small. However, for rea- 
sons given earlier, I do not suppose this picture to be an accurate one. Much 
of the permanent lethality which we experience is likely to be due to balanced 
genetical mechanism which do not require the assumption of appreciable amounts 
of mutation to maintain them. AsI have previously pointed out (Penrose 1955b) 
improved living conditions are likely to reduce the frequencies of recessive genes 
whose prevalence is due to heterozygous advantage. Thus genetic damage which 
may be done by increase of mutation rate, due to industrial and medical uses of 
radiation, may be offset in the future by the improvements in hygiene which 
are taking place at the present time all over the world. 
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ANNEX 8 


PossisLtE AREAS WITH SUFFICIENTLY DIFFERENT BACKGROUND-RADIATION LEVELS 
To PERMIT DETECTION OF DIFFERENCES IN MUTATION RATES oF “MARKER” 
GEnEs? 


The impressive developments in atomic research in recent years and the 
increasing application of nuclear energy in many fields of human endeavour 
have brought to the forefront serious problems concerning the long-term effects 
of radiation on man and his environment. In order to obtain a better apprecia- 
tion of the totality of effects on human populations, it is necessary first to take 
into account the magnitude of the various components of natural background 
radiation as well as the radioactive elements normally present in the body and 
environment. The magnitude of the contributions of cosmic rays, radioactive 
radiations from the earth’s surface and radioactive elements in the body is 
shown in Table I. 

In his paper (see p. 1761), Professor R. M. Sievert has dealt with the naturally 
occurring sources of radiation and measurements of low-level radioactivity. 
No attempt will therefore be made here to traverse this ground again. 


MONAZITE AREAS 


In this paper, the writer will endeavour to show that conditions in certain 
parts of India are particularly favourable for studies of the differences in muta- 


1 Submitted by Dr. A. R. Gopal-Ayengar, Head, Biology Division, Department of Atomic 
Energy, Indian Cancer Research Centre, Bombay, India, 
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tion rates due to differences in background radiation. But before doing so, it 
may perhaps not be out of place to say a few words about thorium ores and 
monazite, since it is these constituents on the earth’s surface that contribute to 
the buildup of natural background levels in certain areas. 

Like uranium, thorium is a derivative of acid rocks and is for the most part 
concentrated in granites, syenites and their corresponding pegmatites. There 
is, however, a basic geochemical difference between the two radioactive elements, 
in that while the weathering of thorium ores supervenes by and large a process 
of physical comminution, that of uranium ores is acted upon by chemical 
processes. In consequence, thorium becomes incorporated into sediments as 
discrete, detrital grains of primary mineral, whereas secondary uranium in 
sedimentary formation occurs as a diffuse, chemically absorbed entity on 
carbonaceous matter, phosphates and clays. The usual ore minerals of thorium 
are monazite, thorite and thorianite. Of these, mention will be made only of 
monazite, the principal ore. 

Without entering into any detailed description of the mode of formation of 
monazite or the manner in which it finds its way into the sea—aspects which 
legitimately belong to the province of geology—the writer will pass on to the 
stage where it is found to accumulate as beach-sand deposits in different parts 
of the world. 

As to geographical areas, menazite deposits have been found admixed with 
ilmenite, rutile, zircon and other rare-earth elements in patches along the coast- 
line of India. The monazite has accumulated along the sea-shores by a process 
of natural concentration out of the products of rock decay in the course of long 
geological ages. The heaviest deposits occur in Travancore-Cochin State, in 
the south-west part of India. Here, over a stretch of about 100 miles (160 km), 
the coastline is characterized by patches of this radioactive sand. The most 
concentrated distribution is to be found over a 12-mile range from Neendakara 
to Kayankulam and in another stretch, a mile long, at Manavala-Kurichi. Al- 
though the monazite constitutes only 1% of the beach sand, the thorium content 
in it is one of the highest in the world, amounting to about 10.5%. Small pockets 
of the littoral belt also contain even higher amounts (33%). 

Other areas of the world worth mentioning in this context are: Brazil, Ceylon, 
Indonesia, Australia, the Belgian Congo, parts of the USSR, South Africa, 
Madagascar, Korea, Spain and the USA. According to Davidson,’ the beach- 
sand deposits of Brazil are situated in the States of Rio de Janeiro, Espirito 
Santo, Bahia, Parahyba and Rio Grande do Norte, extending along a coastline of 
more than 1000 miles, the largest accumulation being at Comaxatiba and Guara- 
tiba in Bahia, Guarapary in Espirito Santo, Barra do Itabopoana in Rio de 
Janeiro and the so-called “fossil bar’. Although the ratio of monazite to the 
other minerals is higher than in the Indian and most other sands, the Brazilian 
concentrate apparently has only 5-6% of thoria, as compared with 10% in 
Travancore. 

MEASUREMENT 


A preliminary sample survey of the monazite areas of Travancore-Cochin was 
carried out recently by the Health Physics and Air Monitoring Divisions of the 
Department of Atomic Energy, Government of India, to estimate the internal and 
external radiation exposures of the population living in the coastal areas. A! 
more extended series of measurements is under way to obtain detailed informa- 
tion on the levels of activity in the areas of highest background radiation, where 
there is also a high population density. Measurements have also been taken in 
and around the houses at the active area. 

The external radiation exposure in the region is caused by: 

(a) B-y radiation from natural uranium and thorium contained in the mona- 
zite, and 

(b) B-y radiation from radon, thoron and their decay products in the air 
(Table IT). 

The external exposure to alpha radiation is not important because of the 
small range of the particles. 

Measurements were made with a thin window #-y, Geiger-Muller counter 
with a thickness of 20-30 mg/cm.’. The measuring instrument was calibrated 
with.a thin walled ionization chamber. Measurements of this nature have 
also been carried out in Sweden by Professor Sievert who, as we have seen has 
been interested mainly in the measurement of low levels of activity, particularly 


® Davidson, C, F, (1956) Mining Mag. 94, 197. 
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the y radiation from living subjects. On the basis of his painstaking studies he 
has built up what is probably the most complete body of knowledge obtained so 
far on radiation exposure in human material of all age groups. 

The internal exposure to the population on the monazite sands is caused by 

-the intake of radioactive substances through air, water and food. Moreover, 
radon and thoron emanating from monazite will add to the contamination of the 
air in the vicinity. However, these gases decay in the air, and their decay 
products get attached to fine dust particles in the air from whence they settle down 
on the soil or on the population. When the air is breathed, a considerable portion 
of the active dust is retained in the respiratory system, where it undoubtedly 
acts on the epithelium. The intake of soluble compounds of uranium and thorium 
through food and water would increase the body burden of uranium and thorium 
through ingestion and become a permanent source of internal irradiation. The 
accompanying schematic diagram gives an idea of the disintegration of thorium 
and its decay products. 

Representative series of measurements taken on the beach, at the surface and 
in the air, as well as those in the houses, are given in Tables III to VI. These 
relate to Neendakara Chavara (Table III), Shakthikulangara (Table IV), 
Panderathuruthu (Table V) and parts of Midalum (Table VI). 

It will be seen that there is considerable variation in the intensities of the 
radiation at different points in the measured areas. While the actual amount 
of radiation that the population receives must remain speculative to a certain 
extent at this stage, the balance of evidence seems to point to the fact that 
the population is subjected to fairly high doses. The estimated values in terms 
of y doses for different regions range from 200 mr/yr to about. 2.6 r/yr. It is 
further estimated that the population would be exposed to a total y dose of about 
10.20 r over a reproductive span of 30 years. It may be mentioned in this con- 
nection that Travancore State has the highest density of population in India}; 
the estimated number of inhabitants in the monazite area is of the order of 
100,000. It should be stressed that the total 6—-y dose in all cases was 3.5 times 
higher than that due to y alone. Although in normal circumstances the f dose 
could be considered to have a negligible effect, the fact that the decay products of 
thorium, mesothorium 2 (2.1 Me.) and thorium C (2.25 Me.) are high f-energy 
emitters should not be lost sight of, especially when it is considered that the 
people come into close contact with the surface of the soil every time they sit 
or sleep on it. A correction factor would therefore have to be applied to the 
y doses in order to estimate the total dose to the hole body as well as to the 
gonads. 


POSSIBILITIES OF DETECTING DIFFERENCES IN SPONTANEOUS MUTATION RATES 


It has become all too clear that the compilation of exact genetical data of man 
is beset with numerous difficulties: for one thing, there are no pure strains to 
work with; for another, the generation times are inordinately long. There is 
also the probability that many the radiation-induced genetic changes would be 
lethal. A considerable number of recessive mutations are passed through suc- 
cessive generations and may express themselves as physiological aberrations 
that weaken but do not necessarily kill the individual. In such cases, distinction 
from incidental disease processes may be difficult if not impossible, and may 
therefore never be resolved. Many mutations induced by radiation may be 
expected to affect the fertilized ovum, and hence abortions, foetal deaths, still- 
births, infant mortality, malformations, sex ratios, viability and fertility, etc., 
are the genetic changes most readily seen and analysed statistically. But what 
we need to look into also are the possibilities of detecting differences in the 
mutation rates of “marker” genes of populations exposed to radiation of the 
order present in the monazite area of Travancore. A careful study of the popu- 
lation structure in this area should furnish information concerning gene fre- 
quencies and their distribution in time and space, as well as data on mutation 
rates. Several years ago, Muller*® raised the question of the possibility that 
genic erosion will result in a piling up of deleterious mutations following 
ameliorative medical practices. Now, in the monazite belt of Travancore we 
have an almost unique situation, where there would appear to be no relaxation 
of the forces of selection on the population, since the alleviating action of modern 
medical services has not found its expression to any appreciable degree. The 


® Muller, H. J. (1950) Amer. J. hum. Genet. 2, 111. 
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population has been more or less stationary for generations and might be ex- 
pected to show differences in mutation rates for particular traits—autosomal 
dominants or sex-linked recessives of the type already discussed by Professor 
Stevenson in his paper (see page 5 Annex 9). A control population of compa- 
rable dimensions, with similar demographic conditions and normal background 
radiation exists in the nearby areas, 

An-inquiry of such a nature would obviously be\a long-range one, but would 
be well worth doing in view of the possibility of thus obtaining some direct 
evidence on the genetic consequences of naturally occurring high background 
radiation. The investigation would also be likely to shed light on the dosage 
relationships for doubling the spontaneous mutation rate and other cognate 
problems. Moreover, it might also reveal interesting somatic effects, such as 
the incidence of leukaemia, cancer and other conditions. 


TABLE I.—Level of exposure of human body to background radiation 
[Dose Unit: Milliroentgens per year] 
I, RADIOACTIVE ELEMENTS IN THE BODY 


Radioactive carbon (15 disintegrations per minute per gram of carbon) __ 2 

Radioactive potassium (1980 disintegrations per minute per gram of 
Re Me inte em nee aan ea ee 19 

Radium (3.7 x 10” disintegrations per second per gram of radium____-___- (72) 


II. COSMIC RAYS 





Equator High lati- 





tudes 
ROAMING) etree a eee eee nano a se eee Dee aan ears nonccaooten toa an sek ue seen 33 37 
DIUUOMER Veena tee aa tae ree ce cen amcor date fwcsee coe aae ei teuntoees 40 60 
AO: COG HET serene sees a. oes eee a ee Lee Se 80 120 
1D: OU) [Coie Sasa on eet eo So en ean n eee meas se Soe bones wenatewse 160 240 
DO 00 1S beitsa a seeetaa. se aswe soe co anon bad awh ecco wat co sae se eteween Sosweedaedd 800 450 





III. RADIOACTIVE RADIATIONS FROM TOTAL: I+II+I1II AT EQUATOR (SEA 
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abundance in parts per million 
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U Th K 
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Sedimentary rock _- 2. -2_=-- 23 
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TABLE II.—The thorium series 
a a ee TLLEeeeeeee ; 
Energy of radiation (Mev.) 



















Name Symbol Half-life 
‘Thorium 2/155. gO nae). Sileed ste REE 1.39 x10!9 years___- HOS MAL LOSE Hy 
Mesothorium 1__] ssRa228 (MsThy)...---.._--.- O.fyearsess or2tse) ses cab 
Mesothorium 2__| s9A¢228 (MsTho)_.- ~.~| 6.13 hours... 
Radiothoriam._-} 97 Th228 (RdTh)__.._--..--.__- 1.90 years. 2. oo... : igo |ooosua oe eee 
Thorium X____.. sgRa24 (ThX)......-.. 2. 3.64 days........-- ine vaciaitink open 0.24, 0.05 
TEN OTON see ode PU ag acale 0) pep Se Las LS Nok Pp SPCONUS <4. 00-1 eos oe eke cc | eee eres 
Thorium A-__.... 1 Po2t (Tha) ase ies 0.158 seconds ai i od bemp es Sse eT A od he SL 
Thorium B__.... Pb (TRB yo sccs cect eee 10:6: hourssoe ies ee ee 0.33, 0.57 ou pe 
0.11, 0. 
Thorium O__...- $142 (THO). oestecoueenes 60.5 minutes____._- 6.05, 6.09 2. 25 0.04, 2.2 
Thorium C1__... $4.02 (THO1) sit 2 ere ire 3x 10-7 seconds... - ps ogo te) (ast BL es 8 Bea be geass 
Thorium C1! 222] 9171208 (ThOM)_2_ Sel MHINULOS-222 0250) eee ee 1. 79 2.65, 0.58, 
0.51, 0.23, 
0.86 
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TABIE III, INVESTIGATIONS AT NEZNDAKARA-CHAVARA BEACH” 








Beach : Road 











62 82 oe yy ; 14 a.a 
52 18 5 12 2 
48 16 2 
4 62 44 10 
54 36 8 
50 q 
72 14 
62 Le 
56 10 
64 28 
56 24 
46 20 
30 6.5 
24 6 
22 5.0 
16 
iw 
| 12 
32 
26 
20 
ae 
7.8 


i An aroa of one milo by about 500 yards was scanned by taking 


ten points along the length and five across the width, 


1797 


4 


Reading from left to right, the three figures in cach square refer) 


to actual counts of surface P+Y, surface Y, and air ¥, respectively. 
For B+y , 100 counts = 10,15 r per year 
For ¥, 100 counts = 2,86 r per your 


- 
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TABLE IV, INVESTIGATIONS AT SHAKTHIKULANGARA {SOUTH OF NEENDAKARA-CHAVARA 
BEACH GRIDLINES)* 


' 3 —_——_—100 yards ——____ essssSSSSSSS—C(Css 


30-50 pg: 0a 6 - Se e  Sa aENE 
b ~] ~] Wr 
> nN wy ON 

ro ra o rs 
> WN > 
jee} oO SS 





* vost of the area is covered with coconut plantations, the coconut 
pits being filled with the sand from the beach, Cross-road activity, one 
furlong from beach, is 7, 


Reading from left to right, the three figures in each square refer to 
actual counts of surface BY, surface Y, and air Y, respectively 


For pty, 100 counts = 10,15 r per year 
For y, 100 counts = 2,86 r per year 


A: hut entrance 8 Bs hut entrance 24 C: hut entrance 22 
yard (black sand) 30 floor 12 floor 12 
floor 9.5 wall 10 wall 10 
wall 6.4 
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TABLE V, INVESTIGATIONS AT PANDARATHURUTHU™ 





% fn’ area of 100 yards by 50 yards, ono mile down towards Chavara 
from Cheriaakhiakal, was scanned by taking four points along the 
beach and five across it, 


Reading from left to right, the three figures in each square 
refer to actual counts of surface BY, surfaccY » and air ¥; 
respectively. 


For pty, 100 counts = 10,15 r per yoar 
For Y¥, 100 counts = 2,86 r per yoar 
Hut: entrance 10 8.6 8 


floor 100 8s4er 6 
wall 8,0 


TABLE VI.—Investigations at Midalum (Midalum teri sandhill) 





Surface 
Location Pine SE A aS Air 
Y 
B+y ¥ 

Iplack) Sandy parce: £4 CMR C Ss ASE: Ee Le Lee tee 18 14 12 
Black sandy stream, 1,000 yards from the sea, 500 yards from sandhill- 76 70 60 
AAPeCGU LEO SIR NUTS S25 ges of MLO Ag ese Ee eee 24 22 20 
‘Black’and yellow spots’0n another. streama._ J oe. Pee a hs ble cune de =-22- 90 80 
Black and yellow spots on another stream !_._.........:--.---------- 90 80 80 
Nearby garden*® 1l00-yards\upstreamecserr% 2.4.28 652-22 elle, 18 14 12 
Inside the hut: 

TT UBANICO™. See gee ae ee en ene rene ten ene weer oeeee 9.5 8.8 

UB) coe ere a ee OP st po ery ee os et A iB: 12 12 

VEE SPR. coe eee RE CED » Sage Airy ae eee er Bee A), CE 8 Pee | il Be mt a 
ETelOL 20 MIMUSelly LOCA Ve sate eet en ne eee te eee oe (teen oe 8 7.5 
Iie) eet els BR Sa ETO) ie ee ae eee Sel 14 12 11.5 
Rech OL OGaliLy.OM Web BrOUNG=s. Sec teene soe) aoe eee ene es |necanentsa Ite ccaneasn eos 
PILE GOT eee ae ee a ee oe eee Oe Se eee See ee 12 10 9. 5 





1 An underground measurement made here gave a y count of >100. 
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ANNEX 9 
COMPARISONS OF MUTATION RATES AT SINGLE LOCI IN MAN ? 


This note is concerned with the practical problems that arise in attempting 
to compare phenotype frequency, gene frequency and mutation rates between 
different communities. Such a comparison may be desirable for a number of 
reasons and, indeed, it is always something which is| inherently of great interest 
in human population genetics. In one context, however, the comparisons which 
have been suggested as particularly desirable are those between communities 
known to have been exposed to widely different total radiation. 

It seems most unlikely that it would be feasible to detect differences of the 
small order of magnitude which would be expected in such communities, or if 
they were detected, to attribute them with confidence to differences in background 
radiation alone. It would appear necessary to elaborate these and other points 
of criticism, however, because the suggestion has been made so frequently that it 
is perhaps better not to ignore, but rather to analyse, the difficulties inherent 
in such comparisons. This must be the writer’s excuse if what follows appears 
largely destructive. 

OUTLINE OF PROBLEMS INVOLVED 


The difficulties may be summarized as follows: 

1. There are the statis tical problems inherent in attempting to detect small 
differences in very low frequencies based on small numbers, such as mutation 
ratesin man. Suppose in two populations of about 3,000,000 each it was desired 
to compare the frequency of a dominant or a sex-linked trait with an approximate 
expected frequency of 1/30,000. Suppose, also, that a background radiation of 
3 r per generation to the gonads was expected to cause 10% of all mutations. If 
the two areas compared had a difference of 4 r in radiation exposure, then it 
would be necessary to interpret a difference of some 10-20 in the number of 
affected individuals in the two populations. 

2. There are the hazards of assuming that any differences detected in mutation 
rates between two areas are, in fact, caused by different exposure to radiation. 
The proportion of mutations attributable to radiation is not known, and there 
are other factors—racial, dietary and demographic—each of which separately 
may determine more variation in rates than that determined by background 
radiation. The evidence of a close relationship between mutation and parental 
age is very strong for Several of the genes whose expression would be suitable 
for comparative purposes, so that conventions of age at marriage and of the age 
interval between the men and women might well greatly influence the mutation 
rates. There are used in medicine and industry naturally occurring and syn- 
thetic substances known to be mutagenic in some lower organisms. ‘Their effects 
on mammals are unknown. ' 

3. In calculating mutation rates by the indirect method the value adopted for 
relative fertility of the specific phenotype could be rather critical. Yet in dif- 
ferent populations the actual fertility of the phenotype may vary for social 
reasons, and because of inadequate or differing sources of demographic informa- 
tion it might be that only a very unsatisfactory method could be used in the 
comparison of two communities. For example in Denmark (Mé¢rch’) a high 
proportion of adult achondroplastics have had offspring, while in Northern Ire- 
land at present only one living achondroplastic is known to have had children 
(Stevenson *). In the State of Michigan, USA, the numbers of offspring born to 
people of both sexes at different ages can be compared (Falls & Neel*) whereas 
in England and Wales this information is available in respect of females only, 
and in Northern Ireland there are no national statistics of this kind. Hence the 
available background demographic information may not be comparable in areas 
otherwise suitable. 

4. An essential for adequate comparison of mutation rates in two communities 
is that the complete patterns—not the truncated patterns which result from 
different degrees of ascertainment—should be available. With the best will in 
the world it is impossible to arrive at complete ascertainment unless the medical 
services are reasonably well organized, records are good and available, and 


1 Submitted by Professor A. C, Stevenson, Department of Social and Preventive Medicine, 
_ the Queen’s University of Belfast, Institute of Clinical Science, Belfast, Northern Ireland. 
2Mérch, BE. T. (1941) Op. dom. Biol. hered. hum. (Kbh.), 3. 

8 Stevenson, A, C. (1956). (In press.) ‘ 

‘Falls, H. F., and Neel, J. V. (1951) Arch. Opthal. (Chicago), 46, 367. 
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co-operation is readily given by medical and other authorities | To take a specific 
example, it is extremely difficult to find the older surviving sporadic boys with 
Duchenne-type sex-linked muscular dystrophy. If they have not had medical 
attention for many years, if they only attended a long time previously a hospital 
which kept poor records, or if they live in an area where the education authorities 
tend to ignore children who do not attend school, they may be well nigh impossible 
to find. Any comparisons between communities would therefore need to be 
supervised by physicians or other persons with plenty of practical experience of 
the difficulties and of the devices for checking and cross-checking the efficiency of 
ascertainment. 

5. Lastly, there are the dual problems of diagnosis and of the complications 
introduced when it is appreciated how diverse the apparently simple relationship 
between gene and trait usually is. As might be expected from animal work, 
experience is constantly showing that human syndromes can be determined by 
genes at various loci or by different alleles. In addition there is, of course, the 
complication of the occurrence of phenocopies. The more carefully single-gene 
traits in man are studied, the more complex the picture becomes, so that there is 
hardly a trait known where there is not either some evidenec or a suspicion that 
the trait may be determined by various mechanisms. This does not by any 
means depend only on the text-book descriptions of many traits described as 
being caused sometimes by dominant, sometimes by recessive and sometimes by 
sex-linked genes. Many of these may well have arisen from the misinterpreta- 
tion of pedigrees or from the selective publication of the data of remarkable 
families. However, clinical and biochemical separation of traits and the increas- 
ing practice of studying all families with affected members in a community 
constantly seem to suggest such probabilities. Perhaps more will come to light 
when more data are available for the analysis of various measurable character- 
istics of traits, such as measurements between sibs and between all the pheno- 
types. Perhaps, too, we shall get help in the future from some further knowledge 
of the morbid anatomy and histology of genetical conditions. The most remark- 
able example of all is probably hereditary deaf-mutism, where the evidence is 
strong that many recessive genes and a few dominant ones can each determine 
deafness which cannot be separated clinically. It is interesting to see that in 
mice, where similar evidence is available, even histology fails to reveal differ- 
ences in lesions produced by different genes In deaf-mutism, too, the so-called 
“congenital” cases or phenocopies seem to constitute as many as one-third of all 
cases (Stevenson & Cheeseman *). 

Such reflections make it difficult to suggest which traits would be suitable for 
use as markers for comparisons of the kind suggested, and indeed they leave a 
nasty suspicion in one’s mind that certain traits might be chosen as satisfactory 
largely because not enough is know about them. 


TYPES OF TRAIT SUITABLE FOR USE AS MARKERS 


It seems worth while here to review briefly the kinds of trait which might be 
used as markers for mutation rates at specific loci and to point out the practical 
problems just mentioned as they arise. It will be generally accepted that auto- 
somal-recessive gene traits are quite unsuitable for the purpose. In the first 
place, they are individually rare. Secondly, variations in inbreeding ratios, 
difficult to detect except in the crudest form of full-cousin rates in man, together 
with the fact that if small isolates with close inbreeding produce a number of 
cases of a rare trait the total rate will be very markedly affected, render it very 
hazardous to estimate a gene frequency as a preliminary to calculating a mutation 
rate, 

In contrast, autosomal-dominant and sex-linked gene traits offer some oppor- 
tunities for direct estimations and, being less dependent on vagaries from random 
mating, offer the chance of indirect calculation of mutation rates based on the 
theoretical distribution of genotypes at equilibrium developed by Haldane.® 

It may be presumed with some confidence that the genes for which mutation 
rates have already been estimated are those whose characteristics are most likely 
to be suitable for comparative purposes. As will be seen from Tables I and II in 
which mutation rates for some dominant and sex-linked gene traits are given, 
the number of adequate ealculations made is unfortunately very small and the 


5 Stevenson, A. C., and Cheeseman, BE. A. 1956) Ann hum. Genet. 20,177. 
° Haldane, J. B. 8. (1985) J. Genet. 31, 317. 
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data from which they are derived are frequently rather meagre or dependent on 
indirect estimates rather than on actual counts. This is intended not so much as 
a criticism as an indication of the difficulty—and, at times, impossibility—of 
assembling data which are sufficient in quantity and quality. 


AUTOSOMAL DOMINANT GENES 


- Autosomal dominant genes would seem to offer the best opportunity for ecollect- 
ing data for comparative purposes, and the ideal trait would be one with the 
following charatceristics: | 

(b) that only one gene can determine the trait ; 
phthalmus, heart defect and rudimentary tail, and two had cleft palate, poly- 
errors in estimating gene frequency and in identifying new mutant phenotypes) ; 

(c) that the phenotype cannot be mimicked by a phenocopy; 

(d) that the condition is recognizable at birth or in early life but that its 
possessors do not die too young (this is important, in that otherwise defferential 
mortality experience makes estimates of frequency difficult) ; 

(e) that the frequency of the condition is reasonably high (the lower the 
frequency, the larger the population which will be needed to detect differences 
in frequency and, hence, mutation rates) : 

(f) that selection against the phenotype is marked. (If it is not, direct 
estimates of mutation rates would be well nigh impossible to obtain as new 
mutant phenotypes would very seldom be observed. Indirect estimates of the 
mutation rate would also be less reliable, as unless the dimunition of the effec- 
tive fertility is big enough to be recognized and measured, such estimates could 
not be made. In a low frequency trait, with little negative selection, a small 
number of mutations a few generations previously couid result in great differ- 
ences in phenotype frequency.) 

Looking at the traits in Table I and the mutation rates calculated, it is unfor- 
tunately easy to point out the deficiencies of each for comparative purposes. 
Perhaps it may be worth just mentioning them for the benefit of non-medical 
readers, who may not be familiar with the clinical aspects. 


Achondroplasia 


There are three certain objections, and another possible one, to the use of 
achondroplasia as a marker. In the first place, it is fairly clear that achon- 
droplasia as commonly recognized at birth as “different” from achondroplasia 
as commonly seen in older subject. Pooling the obstetric history and the foetal 
condition of Mgrch’s eight and the writer’s nine cases of achondroplasia recog- 
‘nized at birth and born to normal parents (Stevenson, 1956), it appears that of 
the seventeen (six males and eleven females), six were stillborn; eight died 
shortly after birth; one lived for one year and died of pneumonia; one lived 
for eighteen months, but never walked or had any teeth, and died of pneumonia ; 
and one lived to twenty-nine years of age. In this last case (one of M¢grch’s), 
however, the condition of the father was not known. 

Further in this combined series of cases, six of the mothers had hydramnios 
in pregnancy and three of the babies had other gross anomalies: one had micro- 

(a) 100% manifestation in the appropriate genotype (this would obviate 
dactyly and syndactyly. 

In Northern Ireland a complete ascertainment has been made of 87 subjects 
presumed to have received fresh mutations, only three of whom were recognized 
at birth. All this suggests that the cases recognized in hospital at birth have 
the type of maternal history and foetal appearance which we usually associate 
with congenital, but not necessarily hereditary, anomalies. It further raises 
the question whether the possible survival of mild cases of this type may not 
complicate the gene frequency and fertility issues in the living. It may also be 
noted here that it would be hazardous to compare the incidence of this condi- 
tion in births in various hospitals, as the amount and quality of ante-natal care 
may alter the incidence. For example, of nine cases born in the Royal Maternity 
Hospital, Belfast, from 1 January 1938 to 30 June 1956, six mothers were ad- 
mitted either because of hydramnios or because of pre-natal X-ray diagnosis 
(four cases). 

Secondly, from time to time cases have been reported of two achondroplastic 
subjects being born to normal parents. Helwig-Larson & M¢grch’ and Grebe ® 


7 Helwig-Larson, H. G., and M¢rch, E. G. (1950) Nord. Med. 48, 180. 
® Grebe, H. (1952) Z. Kinderpsychiat. 71, 437. 
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have reported such instances, in one of which the parents were cousins. There 
are two such families in Northern Ireland, and again in one case the parents 
are full cousins. This suggests that there may be a recessive gene or allele, 
and introduces another complication. 

Thirdly, there are the difficulties of diagnosis. The taller achondroplastic 
subjects are usually discovered only as the parents of affected children. Several 
cases about 5 foot in height have been reported. The writer has seen a man 
5 foot 1 inch in height, and neither he nor his colleagues can decide whether 
this man is affected. If he had an affected relative in an appropriate relation- 
ship, the issue would probably be beyond doubt. 

The separation of achondroplasia from Morqui0’s syndrome is perhaps not as 
easy as is commonly assumed. For example, some cases of achondroplasia 
seem typical as far as limb-strength, shape of head and hands are concerned, yet 
radiographs of the spine show vertebral changes commonly assumed to be 
characteristic of Morqui0’s disease. 

Finally, as already mentioned, in the indirect estimation of the frequency of 
mutation, the value taken for the relative fertility may greatly alter the figure 
calculated. In Denmark a very high proportion of subjects have had offspring, 
mostly illegitimate, whereas only one subject in Northern Ireland is known to 
have had any children. Thus, variation in social standards would interfere 
with comparisons, 

Epiloia 

Epiloia must, it would seem, be ruled out as a marker. The total frequency of 
the trait as measured is low. Gunther & Penrose® estimate 1/120,000 and the 
nine living cases in Northern Ireland represent essentially the same frequency 
(Stevenson & Fisher”). It is possible to estimate that the real frequency of the 
genotype is perhaps three times as great, but such speculations, although no 
doubt valid in some contexts, are hardly satisfactory when attempting to com- 
pare two frequencies. 

The trouble is that the gene may not be manifested at all or may appear only 
in such mild or uncharacteristic formation that the condition will not be diag- 
nosed unless attention is called to severely affected relatives. In addition, the 
condition may be impossible to diagnose before the characteristic skin affec- 
tions appear, and there will almost certainly be some undetectable cases in any 
large group of young epileptic children. When one adds that subjects suffer 
a very high mortality, that relatively few survive for thirty years, and that many 
cases of tuberose sclerosis are only discovered at post-mortem examination, the 
difficulties are even more obvious. 


Retinoblastoma 


This would seem to be a trait more suitable in many ways for the purpose of 
comparing frequencies, provided that there are good ophthalmological services 
in the areas observed. Children with eye symptoms rapidly come to the attention 
of the doctor, and those with the kind of symptoms and signs likely to be caused 
by retinoblastoma would be referred quickly to an ophthalmologist and the 
diagnosis would be made, if not immediately, then soon afterwards. In a very 
high proportion of cases the eyes are enucleated, and histological examination 
is available to confirm the clinical diagnosis. However, as it seems likely that 
as many as one quarter of eyes which are enucleated as a result of retinoblas- 
toma are otherwise affected, biopsy examination is essential. 

Falls & Neel,* who have made the most complete study as yet carried out are 
not willing to exclude the possibility that more than one gene ean cause the 
condition and that some cases, particularly the uni-ocular ones, represent pheno- 
copies. Further, they raise the question of racial differences in frequency by 
pointing to the apparently low frequency in people of African as opposed to 
those of European origin, Finally, they were not satisfied that they had made a 
complete ascertainment. 


Waardenburg’s syndrome 


Waardenburg™ estimated that the interesting syndrome described by him 
(hair pigment, eye and hearing defects) had a frequency in the Netherlands of 


® Gunther, M., and Penrose, L. 8S. (1935) J. Genet. $1,413. 
10 Stevenson, A. C., and Fisher, O. D. (1956) Brit. J. soe. Med. 10, 134. 
44 Waardenburg, P. J. (1951) Amer. J. hum. Genet. 3, 195 
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about 1/42,000, but he had to make allowance for an estimated proportion of 
undiscovered cases. Indeed, a direct estimate would involve examining the 
whole population for minor signs. It is clear from Waardenburg’s account that, 
in a given subject, only one of the triad of hair anomaly, deafness and eye signs 
may be present, and it would seem impossible on clinical grounds and in terms 
of the effort required to examine sufficient people to make a direct estimate of 
the frequency of the trait. For example, in Northern Ireland only one case has 
been discovered, and this was a sporadic case which turned up in work on 
hereditary deafness. 


Pelger’s leucocyte nuclear anomaly 


This appears to be an uncommon trait even in continental Europe, although 
it is much commoner there than in North America or in the United Kingdom.” 
Indeed, until controlled studies determine whether these apparent differences 
are in fact real, and if so whether they are racial or geographic, it would appear 
rather hazardous to suggest that the trait might be used for the purpose of com- 
paring mutation rates. Further, in the absence of easily recognizable external 
characteristics it would require examination of perhaps 500,000 samples of 
blood to find a reasonable number of cases. 

Aniridia 

The syndrome of aniridia and mental deficiency is estimated by M¢llenbach *° 
to have a frequency of about 1/100 000. The condition appears to be inherited 
as a dominant, but with considerable variation down to complete failure of 
manifestation. The history of some families also suggests that there is a 
recessive form, and the pattern of aniridia and other associated eye anomalies 
described within and between families suggests that we may be observing the 
effects of several different genes or of alternative alleles. It would seem. that 
further studies of this condition are needed before it may be considered for use 
for our purpose. 


Multiple polyposis of colon 


A mutation rate for multiple polyposis of the colon was calculated by a most 
ingenious method by Reed & Neel,“ but the incidence of the condition could 
hardly be counted directly. The condition is one of multiple small benign 
tumours of the colon and rectum, and cases only come to attention (a) when 
one of the benign tumours undergoes malignant change and causes symptoms, 
(b) when there is accidental bleeding from the tumours, (c) when the colon is 
examined by sigmoidoscopy for some other purpose, and (d) when found by 
chance at autopsy. 

These would have to be the starting-points for all cases of ascertainment of 
sporadic cases and for investigations of families in familiar cases, Short of 
passing protoscopes and sigmoidoscopes on perhaps ten thousand people and 
chasing relatives with such instruments, it seems unlikely that this condition 
could be used as a marker! 


Dystrophia myotonica 


Lynas in the Department of Social and Preventive Medicines, Queen’s 
University of Belfast, has made the only complete ascertainment of dystrophia 
myotonica that the writer has been able to discover. The greatest single dif- 
ficulty in this condition is again failure or partial failure of manifestation of the 
gene and variation in age of onset, so that the mildly affected, mutant phenotype 
or the mildly affected members of the present generation of a family could hardly 
be ascertained. Possibly, very careful assessment of the neurological condition 
of persons presenting with pre-senile cataract would make it possible to find 
more cases but there would still be an element of doubt about many cases, 


Marphan’s syndrome 


Lynas (unpublished data, 1956) has also made a complete ascertainment of 
Marphan’s syndrome. Here again, all the difficulties arise which are inherent 
in dealing with a trait which is the variable manifestation of an irregular 
dominant gene. Precisely parallel difficulties to those mentioned for dystrophia 
myotonica are encountered; diagnostic doubts in mild cases, the impossibility 


12 Patau, K., and Nachtsheim, N. (1940) Schr. Naturforsch. 1, 345. 
13 Mgllenbach, C. J. (1947) Op. dom, Biol. hered. hum. (Kbh.), 15. 

14 Reed, T. E., and Neel, J. V. (1955), Amer. J, Hum. Genet. 7, 236. 

% Lynas, M. A. (1956) Ann, hum, Genet, 21 (in press). 
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of ascertaining mild cases unless there are more severe cases in the family, 


and so on. 
SEX-LINKED GENES 


Of the sex-linked gene traits, only haemophilia and Duchenne-type muscular 
dystrophy appear to be sufficiently frequent and well-defined for possible use as 
markers. The question of differential mutation rates in males and females— 
raised by Haldane*” * for both these conditions—must be regarded meanwhile 
as unproven. It should be remembered that we must rely on indirect estimates 
involving an estimate of relative fertility in calculating rates for sex-linked re- 
cessive genes, 


Haemophilia 

This seems to be a reasonably suitable condition for the purpose, provided that 
there are adequate clinical, pathological facilities for differentiating between 
haemophilia and allied disorders. Curiously enough, apart from Andreasson’s 
work in Denmark”™ and possibly Fonio’s inquiry in Switzerland,” no one has 
made a complete ascertainment of the condition, and with new techniques pre- 
senting opportunities of separating out different haemoglobins, such work seems 
overdue. The increasing life-span and fertility of haemophiliacs make for some 
difficulty in assessing mutation rates, but these do not seem insurmountable. 


Duchenne-type muscular dystrophy 

Three complete ascertainments of Duchenne muscular dystrophy have been 
reported. Stephens & Tyler’s ” and Stevenson’s™” data are strictly comparable 
clinically but Walton’s™ include two females, and one male who lived to 40 
years of age, who would certainly not be accepted by the other authors. How- 
ever, the clinical details given by Walton make it possible for the data to be 
equated, and there is reasonable agreement between the three on gene frequency 
and mutation rate, though perhaps Walton’s ascertainment would seem to be 
less complete on internal evidence. 


CONCLUSIONS 


To sum up, it would appear unlikely that communities of sufficient size could 
be found which would have sufficiently different exposures to background 
radiation to permit detection, far less measurement, of differences in mutation 
rates. 

The basic problem is likely to be statistical. In addition, however, problems 
in ascertainment, in clinical diagnosis and in the complexity of the underlying 
genetical mechanisms would add further to the difficulty in using the “single 
gene traits” which have been suggested as markers. 

Finally, since it seems wise not to end on too pessimistic a note, the following 
points may be worth considering: 

1. Suppose the proportion of mutations due to a background radiation of 3 r 
is not 10% but, say, 20%, the upper limit suggested in the report of the Medical 
Research Council of Great Britain.“ Then given a population of 3,000,000 and a 
dominant trait with a frequency of about 1/30,000 as before, a difference of just 
under 5 r near the 3 r level would seem theoretically to give expected differences 
of the trait of about 30 cases, which might be interpreted as significant. If only 
10% of the mutation rate is determined by radiation, then the same numerical 
difference in cases would require about 9 r difference in background radiation. 

2. If, in spite of the difficulties outlined, mutation-rate comparisons are thought 
to be fundamental, then another type of planned observation than straight com- 
parison between two areas might be more Satisfactory. For example, serial 
comparisons of a number of defined areas, for several traits with carefully 
planned control of diagnostic standards and ascertainment, and the simultaneous 
collection of background radiation information would perhaps be more valuable 
than a comparison between two areas. 


16 Haldane, J. B. S. (1947) Ann. hum. Genet. 13, 267. 
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TABLE I.—Zstimations of mutation rates of autosomal dominant gene traits 














Esti- 
Trait Basis of estimation of mutation rate mated Source 
rate per 
million 
Achondroplasia..........- “tae 8 sporadic cases in 94 073 hospital - 43 | M¢grch 1 
S. 
ESE The yet’ een 
Indirect: p=14(1-f)r=14(1-0. 098) 5793 000 = 000 10 
(Denmark) 
Direct: 6 sporadic cases in 44 109 Pie 68 | Book 2 
births. 
(South Sweden) 
Hideo 9 sporadic cases in 31 753 hospital 142 | Stevenson 8 
irths. 
Direct: 37 sporadic cases in 1 387 000 liv- 13 
ing subjects. 
een RORY. pee 39 
Indirect: p=V4(1 Nr=181-0.09) 0 387 000 14 
(Northern Ireland) 

SEVAIOIA bate cetceccmsgeess Direct: Estimated frequency, one 8-12 | Gunther & Penrose ! 

quarter of the cases being sporadic. 
(South-East England) 

Retinoblastoma......-..-- Direct: 51 sporadic cases from an estab- 17 | Philip & Sorsby (unpub- 
lished number of about 1 500000 lished data, 1947) § 
births. 

(London) 
Retinoblastoma--._..-..--- Direct: “a aa cases in 1 054 985 23 | Falls & Neel. 
IrtOs 
(State of Michigan, USA) 
Direct: 47 sporadic cases in 1 376 000 17 | Vogel.’ 
births 
(Germany) (4) 
Waardenburg’ssyndrome | Based on proportion of cases observed in 4 | Waardenburg.® 
(hair pigment, eye and deaf mutes, an estimate of ‘‘pene- 
hearing defects). Faas and the frequency of deaf mu- 
ism 
(Netherlands) 
Biyiieae polyposis of | Based on frequency of condition at au- 13 | Reed & Neel,® 
colon, topsy and proportion of cancer of colon 
autopsies showing some polyposis 
(State of Michigan, USA) 
33 
i =1 all rte Ses 10 
Dystrophia myotonica-.-- p=14(1-f)z=14(1-4) 1370 dai 8 | Lynas. 
(Northern erie 
Marphan’s syndrome..--- p=K(1-)r=M(1- Pst eta 5 | Lynas (unpublished 
P vn 1 370 921 data, 1956) 

Aniridia sss. ets. ese 28 sporadic cases (1875-1944) and 13 iso- 5 | Mgllenbach,™ 
lated oer in 1944 in population of 
3,844,0' : 

a0. dig frequency 300,000" 
1 Meérch, E. T. (1941), Op. dom. Biol. Cee hum, (Kbh.), 3. 


2 Book, i A. (1952), J. Genet. Hum. /, 2 
3 Stevenson, A.C, (1956) (in press): 


4 Gunther, M., and Penrose, L 


. 5. (1935), J. Genet. 31, 413. 


5 Based on data of Griffith and ‘Sersby (Griffith, A. D., and Sorsby, A. (1944), Brit. J. Ophthal. 28, 279). 
6 Falls, H. F., and Neel, J. V. (1951), Arch. Opthal. (Chicago), 46, 367, 


7 Vogel, F. (1954), 


® Reed, T. 
10 Lynas, M.A. 
il Mgllenbach, 0. J 


Z. KonstLehre, 32, 308. 
8 Waardenburg, P. J. Os Amer. 
E., and Neel, J. V 


J. Hum. Genet. 3, 195. 


. (1955), Amer. J. Hum. ed 7, 236. 
vecmres Ann. hum. Genet. 21 (in press 
, (1947), Op. dom. Biol. hered. tk. (Kbh.), 18. 
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TABLE II.—LHstimations of mutation rates of sex-linked recessive gene traits 














Esti- 
Praits Basis of estimation of mutation rate mated Source 
rate per 
million 
Haemophilia_....2.....2le Estimates frequency in London as be- 50 | Haldane,! 
tween 35 and 175 per million births 
and relative fertility of affected male 
subjects as 0.25. 
(London) 
pw=1/3(1—f)z=1/3(1—0.286) & 1.33 & 10-4 32 | Andreasson ?modified by 
163 271V Perens 
=1/3(1—f)r=1/3(1— __3.163_ ogel. 
p=1/3(1—f)x=1/3(1—0.333) & 4009 025 
Based on data of Fonio 4 and Andreas- 
son. 
(Switzerland and Denmark) 
Dusters muscular | 18 cases in 67 000 male es nukeeos 95 | Stephens & Tyler.4 
dystrophy. ba a. ed 
tba eaten 
ate 0 ah, 
36 cases in 162 488 male live-births-......- 74 | Stevenson § also unpub- 
6 lished data 1956. 
Northern Ireland) 6 
16 cases in 138 403 male live-births..._.... 204 Waiver, 
6 


(England) 





1 Haldane, J. B. §. (1935), J. Genet. 31, 317. 

2 Andreasson, M, (1943), Op. dom. Biol. Hered. Hum. (Kbh.), 6. 

3 Vogel, F. (1955) Z. ges. Blutforsch. 1, 91. 

4 Stephens, F. E., and Tyler, F. H. (1951) Amer. J. Hum. Genet. 3, 111. 
5’ Stevenson, A. C, or Ann. hum Genet. 19, 159. 

6 Walton, J. N. (1955), Ann. hum. Genet. 20, 1. 


ANNEX 10 


SOME PROBLEMS IN THE ESTIMATION OF SPONTANEOUS MUTATION RATES IN 
ANIMALS AND Man? 


In view of the known species differences both in the genetic structure of 
populations and in the apparent genetic responses to irradiation, when con- 
sidering the genetic impact of increased exposure to ionizing radiation we should 
prefer not to attempt to extrapolate from other species to man, but rather 
base our thinking entirely on human data. Unfortunately, as has already become 
abundantly clear, the necessary data on man are not yet at hand, nor is it 
likely that they will be for some time to come. Under the circumstances, our 
thinking must for the present be guided to a large extent by what we know 
about the genetics of other species. 

Attempts to quantitate the effects of radiation on human populations have 
usually been based on five factors. These are: 

(1) The spontaneous mutation rate/locus/generation. 

(2) The induced mutation rate/locus/r. 

(3) The total gene number.’ 

(4) The ‘accumulation factor’, i. e., the ratio of nominally recessive genes 
already present in the population to those arising spontaneously each generation 
through mutation. 

(5) The manner in which selection operates on the total gene complex. 

Although I was asked to speak on “extrapolation from animals to man: the 
problem”, this is so very broad an assignment that rather than utter a few 


1 Submitted by Dr. J. V. Neel, Associate Geneticist, Heredity Clinic, Institute of Human 
Biology, University of Michigan, Ann Arbor, Mich., USA. The material presented in this 
paper is drawn in large part from Chapter XV of a forthcoming monograph by J. V. Neel 
and W. J. Schull, entitled “The Effect of Exposure to the Atomic Bombs on Pregnancy 
Termination in Hiroshima and Nagasaki”, and is reproduced by permission of the publishers, 
the National Academy of Sciences-National Research Council (USA). 

? The product of (1)x(3), or (2)x(3), is the rate of mutuation pergamete, spontaneous 
or induced, as the case may be. It is possible in suitably designed experiments to estimate 
nts ae (cf, Muller, 1955), and so decrease the number of variables involved in the 
calculation. 
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generalities about each of the factors just mentioned, and how they are manipu- 
lated to give estimates of the quantitative risks of radiation, I would like to 
examine in some detail the present state of knowledge as regards just one of 
these. The factor to be singled out for special consideration is ‘spontaneous 
mutation rates’, There is no deep significance in the choice of this topic, i. e., 
any one of the four other factors of importance to attempts at extrapolation 
might-almost equally well have been chosen for detailed consideration. In what 
follows, attention will repeatedly be drawn to gaps\in knowledge. This should 
in no way detract from the past accomplishments of investigators in the field, 
but is submitted in the belief that the primary purpose of this meeting is to 
discuss what remains to be done if we are to place in proper perspective the 
genetic risks of ionizing radiation to human populations, 

Current thinking concerning the rate of mutation of mammalian genes is for 
obvious reasons strongly influenced by what is known concerning drosophila 
rates. No less pertinent, but more difficult to fit into our conceptual frame- 
work for man at present, is the extremely important data emerging from the 
study of other inframammalian forms, such as the recent work on bacteriophage 
of Benzer (1955). We will accordingly first consider briefly what seem to us to 
be some of the more pertinent data concerning drosophila. For methodological 
reasons it is customary to distinguish on the basis of their physiological effects 
between three categories of mutations, namely, those associated with visible 
effects, those associated with lethal effects, and those which express themselves 
through a reduction of viability in the absence of detectable somatic effects, the 
so-called semi-lethal mutations (1-10 per cent. viability) and deleterious muta- 
tions (over 10 but less than 100 per cent. viability). Terminology in this field 
leaves something to be desired. Thus, the ‘deleterious’ mutations must have 
an organic basis, so that many of them would be found on careful study to be 
also ‘visibles’s By the same token, most ‘visibles’ are also ‘deleterious’. 
Finally, the dividing line between ‘lethals’ and ‘semilethals’ may be altered 
by culture conditions. Be that as it may, the division into these three categories 
has an operational usefulness, as we shall now see. 

Beginning with the pioneer attempts of Muller (1934; see also Kerkis, 1935) 
and Timoféeff-Ressovsky (1985) a number of efforts have been made to establish 
the relative frequencies with which these types of mutations are represented 
among all mutations. These attempts have involved radiation-induced rather 
than spontaneous mutations because of the much more laborious nature of the 
problem if attacked through the study of spontaneously occurring mutations. In 
view of the possibility that the relative frequency of lethals is higher among the 
radiation-induced mutations because of the increased proportion of minute dele- 
tions, the estimate of the ratio, (Semi-lethals + deleterious) /lethals, may be a 
minimum estimate. Muller (1954; see also Falk, 1955) places this ratio at 
3-5 to 1. This same author goes on to state that “. .. the ratio may indeed 
be considerably higher than this, since the technique was hardly refined enough 
for the detection of detrimentals with a viability greater than some 85 per cent. 
of normal. Other studies have shown that ‘invisible’ mutants causing sterility 
or lowered fertility of some degree also form a very large group. This group, 
however, overlaps, to an extent not yet well investigated, that of the detrimental 
mutations (p. 396). 

The significance of information concerning the relative frequency of mutants 
with viability in the 85-99 per cent. range in attempts to quantitate the genetic 
risks of ratiation is of course enormous. A related problem concerns the fre- 
quency of mutations for which the organism at the time is able to compensate 
completely, the undetectable mutations, Lately considerable attention has been 
directed towards the genetic basis and evolutionary implications of physiological 
homeostasis (refs. in Lerner, 1955). The possibility cannot be ruled out that 
the principle of homeostasis enables some organisms to compensate entirely, 
under particular sets of circumstances, for the effects of certain mutations. 

It may be argued that there is no reason to be concerned about the relative 
frequency of mutants with undetectable effects in a consideration of the delete- 
rious effects of radiation. However, these mutations are undetectable only under 
the conditions set by the observer, Under other conditions, set by nature and 
not by man, they might have decided effects. It is not at all difficult to argue 
that the mutants with over 85 per cent. viability which cannot now be studied 
in drosophila may in evolutionary importance far outweigh the visibles. 

Muller (1950), in a discussion of the question of the numerical relationship 
between lethals, on the one hand, and semi-lethals and deleterious mutations, 
on the other hand, has made the following statement: ‘However, studies carried 
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on in drosophila during the past year by Meyer, Edmondson, and the writer in- 
dicate that in this organism the assumption of an equal distribution of detri- 
mental mutations throughout all in. values* (when represented on an arithmetic 
scale) does not hold. Instead, it appears that, following the high but descending 
peak formed by complete lethals (in.=100 per cent.) and nearly complete lethals 
(ino = between 98 per cent. and 100 per cent), there is a marked drop in the 
frequency of mutations. The mutations studied were induced in an autosome 
(the second chromosome) by ultraviolet light acting on an interphase stage (in 
the polar cap). Along with 208 complete lethals there were 20 mutants found 
in the range of ino between 98 per cent. and 100 per cent., and again only 20 in 
the range of ino between 90 per cent. and and 98 per cent., although this range 
is four times as wide as the preceding one. If the rest of the distribution, as 
far as ino=10 per cent. had only the same frequency of mutations as in the range 
between 90 per cent. and 98 per cent. there would have been only 240 detrimentals 
in the entire interval between 100 per cent. and 10 per cent. to set against the 
208 complete lethals found. But since we know from other work, previously 
cited, that the detrimentals in this interval are in reality several (about five) 
times as numerous as the complete lethals, it is evident that their frequency 
must, at lower degrees of detriment (lower ino), rise very much above that exist- 
ing in the 90 per cent. to 98 per cent. range. The distribution of frequencies 
of ino therefore forms a bimodal curve with one peak at the left origin, lethality 
(ino=100 per cent.), and another peak somewhere to the right. 

“Little more than this is yet known definitely about the shape of the curve in 
question, important though this genetic question is. However, there are grounds, 
both theoretical and observational, for regarding it as very unlikely that the 
second peak is near the first or that the rise towards it is sharp. Hence it is 
probable that detrimental mutations, instead of having an even distribution with 
respect to values of ino, form a curve which, except for its peak of near-lethals at 
the left end, is massively skewed towards the right, with its mean at a value of 
ino Significantly beyond the middle (0.5).” (pp. 140-141). 

If we consider these remarks of Muller in conjunction with the possibility of 
‘invisible’ mutants discussed earlier, then the problem of estimating the relative 
frequency of lethal mutants versus those viable to some degree assumes new 
complexity. Fig. 1 attempts to present some of this complexity graphically. 
The abscissa of this figure represents viability of the homzygous genotype in 
some arbitrary environment. In this connexion, it is apparent that the term 
‘lethal’ is relative, some lethal mutations having effects under no known circum- 
stances compatible with life, other lethal mutations having far lesser effects. 
Likewise, the term ‘normal’ as applied to viability is relative, some normals being 
more normal than others, with the differences brought out only under unusual 
circumstances. Thus far, observations have been limited to the range of lethal- 
ity and 1-85 per cent viability. As Muller has pointed out in the statement 
quoted above, there is great doubt concerning the shape of the curve of numerical 
relationships within this range. We have indicated two of the principal alterna- 
tives. Curve A assumes a mode at 60-70 per cent. viability, from which it would 
seem likely that the proporticn of mutations in the 85-100 per cent. and normal 
viability range is small. Curve B assumes that the mode is farther to the right 
with the corollary that there is a considerable group of mutations not now being 
detected. How large that group is depends of course on the shape of the curve. 

The question of the relative frequency of lethal mutations as contrasted to 
visibles, is on somewhat more secure footing than the question of the ratio of 
lethal mutations to mutations reducing viability to a lesser degree. In tabulat- 
ing the results of radiation experiments by five different workers, Schultz (1936) 
found this ratio to be 7.4:1. In view of the well-recognized differences in the 
ability of individuals to recognize mutant phenotypes, the true ratio is probably 
somewhat lower. We refer, for instance, the ratio of 5.2: 1 which obtained in the 
extensive and meticulous experiments of Spencer & Stern (1948). Even this 
ratio may be too high. ‘Thus, in the control cultures, Spencer & Stern obtained 
a ratio of sex-linked lethals to visibles of 4.8:1 and in the irradiated cultures, 
a ratio of 5:3:1. Ina study on spontaneous mutations in a ‘high mutation rate’ 
line, the ratio of sex-linked lethals to visibles was 3.6:1 (Neel, 1942). The ratio 
of visibles :lethals :semi-lethals and deleterious mutations may, as an approxima- 
tion, be said to be someplace between 1: 4:16 and 1: 6:30, with, as noted above, 
ae most uncertainty centring about the magnitude of the third figure in the 
ratio. 


® ino—the amount of impairment produced by a gene when homozygous, 
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The important question of the mutation spectrum at individual loci remains in 
its early stages because of the amount of labour involved in securing reliable 
data. The effort involved in studying this problem through the use of spon- 
taneously occurring mutations appears almost prohibitive. Attempts to study 
the problem using induced mutations again encounter the question of how pre- 
cisely the mutational spectrum obtained with mutagenic agents parallels that 
derived from the study of spontaneous mutations. However, there is some pre- 
liminary evidence that the ratios just given may vary significantly from locus to 
locus. Thus, although there are many instances of lethal and visible mutations 
arising at the same locus, there are also some few cases in which a locus does not 
appear to be essential to life, in the sense that flies with a deficiency for this 
locus may live although they are of reduced viability (e. g., yellow and achaete, 
Muller, 1935). These loci, then, would not produce at least one type of lethal 
mutation. Finally, for methodological reasons, localizing ‘deleterious’ muta- 
tions to specific loci is extremely difficult, so that studies relating these to the loci 
producing lethals and visibles are in an early stage. 

It should also be pointed out that the question of the total relative frequency 
of mutation at different loci is in a very unsettled state. Although there seems 
no doubt that the rate of recovery of mutations differs from locus to locus, care 
must be exercised in reasoning as to the magnitude of the true differences (cf. 
Neel & Schull, 1954). In the following discussion of mutation rates at specific 
loci, the fact that these are selected loci must constantly be borne in mind. 

With respect to the rate of occurrence of spontaneous ‘visible mutations’ at 
specific loci in drosophila, data are available from five extensive series of obser- 
vations. These are summarized in Table 1. Time does not permit us to give this 
table the detailed attention it deserves. In most of these studies, some ‘special 
circumstance’ occurred that requires at least very brief mention. Thus, Muller, 
Valencia, & Valencia (1950) observed in other experiments with the same strain 
used for their ‘visible mutation’ series that the rate of occurrence of sex-linked 
lethal mutations in this strain was 0.7 per cent., a rate some fourfold greater than 
usual. From this they argue that “the frequency of gene mutations at the nine 
leci would ordinarily average between 10° and 7 x 10° per locus in females” 
(p. 125). However, in view of the possibility that these ‘high mutation rate’ lines 
contribute significantly in nature to the total of spontaneous mutation (Ives, 1950; 
see also Neel, 1942), it seems appropriate simply to average this finding with 
the others. From the data of Glass & Ritterhoff (1956), it would appear. that 
the mutation rates of males are higher than females, but this is scarcely sub- 
stantiated by the difference in the findings of Alexander (1954) and Muller, 
Valencia, & Valencia (1950). Accordingly, we have simply averaged all the 
findings without regard to sex. No attempt has been made to take into account 
the effect on the observed results of possible differences in the age of the flies 
tested. The paper of Glass & Ritterhoff contains additional data on mutation 
rates emerging incidentally to their study—it has seemed preferable in this sum- 
mary to utilize only data on loci ‘pre-selected’ for mutation rate estimates. It 
would appear that Muller et al., and Schalet, did not score as mutants flies 
with mutant phenotypes which were infertile, whereas Glass & Ritterhoff did. 
In any mutation rate study, a considerable proportion of apparent mutants prove 
sterile. Schalet encountered one ‘cluster’ of ten ‘cut’ mutants, presumably due 
to a mutation occurring in a spermatogonium. One can argue as to whether 
this should be scored as 1 or 10 mutations in the context of the present discus- 
sion. Finally, in all these studies where mutation gives rise to one mutant in a 
culture of wild type, there is the question, probably not so serious in studies on 
man, of the extent to which the less vigorous mutants are eliminated prior to 
the inspection of the culture, and the further problem of the human factor in 
recognizing the mutant. 

While, then, it is possible to ‘correct’. the data of Table 1 in several ways, 
I have made no attempt to do so. In a total of 4625 945 locus tests, at least 41 
mutations were recovered, a rate of 0.9 x 10°. However, this applies only 
to ‘visible mutations’, or to lethal and deleterious mutations which in combination 
with a mutant allele have visible effects. If other lethals, semi-lethals, and 
deleterious mutations are arising at these same loci which are without detectable 
visible effects with the test-crosses employed, the mutation rate must be higher. 
There is no way at present to estimate the amount of mutation not detected 
with current specific locus techniques, but if, for instance, the ratio of visibles/ 
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(undetected lethal-+semi-lethal+deleterious-+sterile mutations) at these loci 
were as high as 1:4, the mutation rate per locus becomes 4 x 10°. In other 
words, there are some grounds for feeling that the commonly quoted mutation 
rates for specific loci for drosophila are conservative. If, on the other hand, the 
mutation spectrum at specific loci is restricted, as some evidence suggests it 
to be in the sense that. some loci give rise predominantly to ‘visibles’-and: others 
to ‘deleterious’ mutations, then the ‘true’ mutation rate may be closer to the 
1 x 10° which emerges from specific locus studies than the 4 x 10° just suggested. 

Two other studies involving individual loci should be quoted. Lefevre (1955), 
in a paper which contains an excellent discussion of the problem of estimating 
spontaneous mutation rates, reports that the rate of appearance of mutants with 
visible or lethal effects at the y locus is “about 1 per 75,000” (p. 879). On the 
other nand, Bonnier & Lining (1949), in a paper criticized by Muller (1954) 
because the rate of recovery of spontaneous mutations appeared to be too low 
in comparison with certain other findings, observed only one mutation at the 
white and forked loci among 153 579 fiies tested for visible mutations, a rate of 
8x 10°. Again, both of these estimates do not take into account the semi-lethal 
and deleterious mutations which may not be detected by the techniques being 
employed. 

Utilizing a somewhat different approach, Dobzhanzky, Spassky, & Spassky 
(1952) have estimated the average rate of mutation to lethals, semi-lethals (1-20 
per cent. viability), and visibles per lethal producing locus in different species.. 
These estimates, which they felt are more likely to be overestimates than under- 
estimates, are reproduced in Table 2. Again, the estimate does not include the 
deleterious mutants. 

In summary, then, it would appear that depending on one’s view of the repre-. 
sentativeness of the loci studied, and the problem of the relative frequency of 
mutations not detected by current techniques, there is room for a divergence of 
opinion concerning the average rate of mutation of drosophila genes, with the 
range of possibilities perhaps extending from 0.5x10° to 5x10°. In our 
opinion, even this range of estimates must be applied with great caution to 
human problems. 

Turning now to mami_als, we find that significant studies are available for 
only two species, the house mouse and man himself. The figures for the house 
mouse were derived in much the same fashion as the figures quoted for droso- 
phila, namely, through. a search for mutant individuals among animals simul- 
taneously heterozygous at multiple loci. Russell (1954), in connexion with 
his important observations on radiation-induced mutations in the house mouse, 
has found that in his control material the rate of appearance of visible muta- 
tions in 265 “076 locus tests was 0.8X10°. The observational error is of course 
large. Again it must be recognized that these tests very probably detect only 
a fraction of the mutations occurring at these loci. 

There seems no reason to labour further the point ‘that our knowledge of 
spontaneous mutation rates at specific loci is poor for any species. In some 
attempts to extrapolate from non-human material to man, the additional prob- 
lem arises of the greater life span of man than of laboratory material, as well 
as the. question of the type of species which man represents in terms of muta- 
tion rate. While I would be the first to Cefend the animal work as providing 
the best estimates available at the present time, it is my opinion that in the 
final analysis, we must have figures for man himself. . 

The available estimates for the frequency of occurrence in man of certain 
mutations with visible effects have already been summarized by Professor 
Stevenson and Professor Penrose. Many of the problems involved in estimating 
human mutation rates have been discussed by these two authors as well. as 
previously (Haldane, 1948, 1949; Neel (1952) Neel & Schull, 1954; Nachtsheim, 
1954) and will not be re-examined here. The average of the available estimates 
of the rate of mutation for the autosomal dominant and recessive sex-linked 
mutations thus far-investigated in man is in the neighborhood of 210~°/locus/ 
generation. These estimates, now, are entirely limited to mutations with visible 
effects. Because of the nature of the design of observations on human muta- 
tion rates, it seems possible that a higher proportion of the mutations at the 
specific loci being studied is going undetected in man than in Drosophila. There 
is no way to estimate the magnitude of this difference at present, but a total 
mutation rate as high. as 1x10” at these loci is a possibility, Although the 
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apparent correspondence between human and Drosophila melanogaster rates is 
noteworthy, because of the differences in the way the rates are obtained one must 
be cautious in the emphasis placed on the similarity. However, if the cor- 
respondence were indeed valid, this has interesting implications concerning the 
importance of ‘aging’ and failures in the ‘copying process’ at mitosis, and the 
role of background radiation, in spontaneous mutation rates. 

The representativeness of these estimates for man has been repeatedly chal- 
lenged. There can be no doubt that there is definite selection in the loci studied. 
How this influences our estimates is not at all clear. As we have pointed out 
elsewhere (Neel & Schull, 1954), mutation at any particular locus may be 
thought of in terms of these aspects: (1) the frequency of mutation at that 
locus; (2) the number of alternative forms of the gene which may occur at any 
locus, i. e., the number of multiple alleles; and (8) the ease with which the 
effect associated with each of these multiple alleles can be detected. We assume 
that some loci are more mutable than others because we detect the results of 
mutation more frequently at these loci. However, making allowance for ‘un- 
stable loci’, the hypothesis has not been disproven that the inherent instability 
of all genes is, by virtue of their biochemical complexity, very similar, but that 
the results of mutation are more readily detected at some loci than at others 
because of the role of that particular locus in the animal’s physiology. It is 
entirely conceivable that the loci‘ thus far selected for study in man are those 
at which a high proportion of all possible alleles at that locus results in readily 
detectable effects, but at which the per locus mutation rate is fairly representa- 
tive of the human species. 

For purposes of calculation, estimates of the rate of mutation of human genes 
have included 10° (Evans, 1949), 10° (Wright, 1950), and 210° (Muller, 
1950; Slatis, 1955). In the current state of our knowledge, students of the 
problem can select and justify estimates differing from one another by a factor 
of 100. 

If time permitted, we would do well to submit to the same kind of scrutiny 
our knowledge concerning the other factors that enter into quantitative treat- 
ments of the risks of irradiation, namely, (1) induced mutation rates at specific 
loci, (2) gene number (or, alternatively, gamete mutation rates), (38) the 
accumulation factor, and (4) the manner of action of selection. This will 
obviously be impossible. However, in closing I would like to say just a few 
words about the nature of selection in human populations. To begin with, 
there would seem to be little problem in extrapolating from animals to man, 
since there is practically nothing known concerning the detailed action of selec- 
tion in animal populations on which to base an extrapoliation. For all our 
allegiance to the principal of natural selection, it is amazing how little we know 
of its actual detailed workings. True, it is easily demonstrated in experimental 
populations that grossly defective individuals seldom reproduce. But the problem 
of how the population as a whole maintains its fitness is virtually untouched. 
To mention only one important point, to what extent does the stability and 
adaptability of the species rest on the mechanism of balanced polymorphism, a 
mechanism not readily disturbed by an increase in mutation rates? 

There is one final point I should like to emphasize. In our attempts to evaluate 
the genetic risks of increased radiation to the human species, I am a strong 
proponent of extensive animal experimentation. Through such work, possibili- 
ties can be explored which would either involve prohibitive amounts of time or 
be impossible for man. But when differences do appear between two animal 
species, as is already the case, only work on man will tell which of the species 
he resembles more closely. It is of tremendous significance to the practice of 
medicine and the development of atomic energy whether the ‘permissible’ popu- 
lation dose above background is 3 r or 80 r per generation. In reaching any 
final conclusions concerning permissible radiation doses in man, regardless of 
what is learned concerning other animal species, we must have accumulated far, 
-far more data on man himself than are now available. 


4In point of accuracy, we do not know but what any particular mutation rate study in 
man is detecting mutation at several loci. 
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TABLE 1.—Frequency of occurrence of spontaneous “visible mutations’? in 
various species 


Number | Num- Total | Muta- 





Author Chromesome of or- ber of locus tions Bb 
ganisms loci tests 
Drosophila: 
Muller, Valencia, & Valencia, | X (females)......- +60, 000 9 | 540,000 15 2.8 x 10-5 
1950. 
Altenburg, after Muller et al., | X (females). ..-.-- £50, 000 8 | 400, 000 0: 0 
1950. 
Alexander,.1954_ 2.5 # i432... III (males) ._-_-.-- 45, 504 8 | 364, 032 0 0 
Glass & Ritterhoff, 1956.._.-. Multiple (females) | 100, 414 4} 401, 656 1 2.5 x 10-6 
Multiple (males)._| 102, 759 14 | 359, 657 17 4.7 x 10-5 
Schalet, unpublished_-....-_.- X (males)__-_-_.-- 111, 600 14 |1, 562, 400 26 0.4 x 10-5 
X (females)......- 71, 300 14 998, 200 2 0.2 x 10-5 
4, 625, 945 41 0.9 x 10-8 
House mouse: Russell, 1954_.-.-.- Several.._..-..-.- 37, 868 7 | 265, 076 Pe 0.8 x 10-8 


11 sex-linked. 
2 One of these mutants appeared as a “cluster” of 10 flies. If one is concerned only with the rate of re- 
oy of mutant phenotypes, then the entry here should be 15, and the average of the five studies quoted 
ecomes 1.1 x 10-5, 


TABLE 2.—Hstimated average mutation rates per lethal-producing locus in several 
drosophila species, after Dobzhansky, Spassky, & Spassky (1952). These 
estimates are felt by the investigators to be more likely overestimates than 
underestimates 








Species Second Third 
Chromosome | Chromosome 
‘Die ClOnOGUSleratr re =) 267s ee eR ee? Uw ere bd 1.1x 10-5 
DUP SCUUD-OUS CUT «= een ne aa ine eee cee ea, Se oat ot ee mat, eee 1,1 x 10-5 
DY willigtont 4 wees See re Ea ee see ie est te tke 2.2 x 10-5 3.0.x 10-5 
DD, prosaltans rok E Ae Pe Pe es eid EE Bae 1.1 x 10-5 2.1 x 10-5 
REFERENCES 


Alexander, M. L. (1954) Mutation rates at specific autosomal loci in the mature 
and immature germ cells of drosophila melanogaster, Genetics, 39, 409-428 
Benzer, S. (1955) Fine structure of a genetic region in bacteriophage, Proc nat. 
Acad. Sci. (Wash.), 41, 344-354 

Bonnier, G. & Liining, K. G. (1949) Studies on X-ray mutations in the white 
and forked loci of drosophila melanogaster. I. A statistical analysis of muta- 
tion frequencies, Hereditas (Lund), 35, 163-189 

Dobzhansky, Th., Spassky, B. & Spassky, N. (1952) A comparative study of muta- 
tion rates in two ecologically diverse species of drosophila, Genetics, 37, 650- 
664 

Evans, R. D. (1949) Quantitative inferences concerning the genetic effects of 
radiation on human beings, Science, 109, 299-304 

Falk, R. (1955) Studies on X-ray induced viability mutations in the third 
chromosome of drosophila melanogaster, Hereditas (Lund), 41, 259-278 

Glass, B. & Ritterhoff, R. K. (1956) Spontaneous-mutation rates at specific loci 
in drosophila males and females, Science, 124, 314-315 

Haldane, J. B. 8. (1948) The formal genetics of man, Prec. roy. Soc. B. 185, 147- 
170 

Haldane, J. B. S. (1949) The rate of mutation of human genes, Proc. VIII Int. 
Cong. Genetics. Hereditas Suppl., 267-273 

Ives, P. T., (1950) The importance of mutation rate genes in evolution, Hvolution, 
4, 236-252 

Kerkis, J. J. (1935) The preponderance of “physiological mutations”, Summ. 
Commun. XV Intern. Physiol. Congr. (Leningrad-Moscow) pp. 198-200 (quoted 
from Muller, 1954) 

Lefevre, G. Jr. (1955) Mutation isoalleles at the yellow locus in drosophila 
melanogaster, Genetics, 40, 374-387 

Lerner, I. M.. (1955) Buffered genotypes and improvement in egg production, 
Amer. Nat. 89, 29-34 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1815 


Muller, H. J. (1934) Radiation genetics, Proc. IV Intern. Radiologen Kongr., 
2, 100-102 

Muller, H. J. (19385) <A viable two-gene deficiency phaenotypically resembling the 
corresponding hypomorphic mutations, J. Hered. 26, 469-478 

Muller, H. J. (1950) Our load of mutations, Amer. J. hum. Genet. 2, 111-176 

Muller, H. J., Valencia, J. I., & Valencia, R. M. (1950) The frequency of spon- 
taneous mutations at individual loci in drosophila, Genetics, 35, 125-126 

Muller, H. J. (1954) The nature of the genetic effects produced by radiation. 
In: Radiation Biology (A. Hollaender, ed.) New York: McGraw-Hill Book Co., 
Vol. I, pp. 351-453 

' Muller, H. J. (1955) How radiation changes the genetic constitution. Bull. atom. 

. Scient. 11, 329-838 

Nachtsheim, H. (1954) Die Mutationsrate menschlicher Gene, Naturwissenschaf- 
ten, 17, 385-392 

Neel, J. V. (1942) A study of a case of high mutation rate in drosophila melano- 
gaster, Genetics, 27, 519-536 

Neel, J. V. (1952) The study of human mutation rates, Amer. Nat. 86, 129-144 

Neel, J. V. & Schull, W. J. (1954) Human Heredity, Chicago: University of 
Chicago Press, 361 pp. i 

Russell, W. L. (1954) Genetic effects of radiation in mammals. In: Radiation 
Biology (A. Hollacnder, ed.) New York: McGraw-Hill Book Co., Vol. I, pp. 825- 
859 


Schultz, J. (1936) Radiation and the study of mutations in animals, In: Biologi- 
cal Effects of Radiation (B. M. Duggar, ed.) New York: McGraw-Hill Book Co., 
Vol. II, pp. 1209-1261 

Slatis, H. M. (1955) Current status of information on the induction of mutations 
by irradiation, Science, 121, 817-821 

Spencer, W. P. & Stern, C. (1948) Experiments to test the validity of the linear 
r-dose/mutation frequency relation in drosophila at low dosage, Genetics, 33, 
43-74 

Timoféeff-Ressovsky, N. W. (1935) Auslésung von Vitalititsmutationen durch 
Rontgenbestrahlung bei drosophila melanogaster, Nachr, Ges. Wis. Géttingen 
Math.—physik. Klasse, Fachgruppen VI. Biol.) 1, 163-180 

Wright, S. (1950) Discussion on population genetics and radiation, J. cell. comp. 
Physiol. 35, Suppl. 1, pp. 187-204 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


1816 


" ¥31136 
ONY STIVWYON SNOW3L3130 ONY STVWHL37-W3S S1WH137 








7 


SNOILVLOIN 
JO YIGWON 


Lu +s ~SNOLWANSSEO IN3SBYd JO 2ONVY 


*DIDP juBSosd 944 YIM BIqQIEDdWOD YyOq ‘yUu_NW aUy Jo 
Agiiqoia JO SauBep oy} 04 O2uss9js1 ZIM ,,D4jDadS LOI OjNW,, BIGISSOd OM JO UOI;DJUSSOMOs D1;0WaYDs VY 


y 22n61 4 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1817 


ANNEX 11 


EXFFECT OF INBREEDING LEVELS OF POPULATIONS OF INCIDENCE OF HEREDITARY 
TRAITS DUE TO INDUCED RECESSIVE MUTATIONS 2 


It is well known that the incidence of hereditary traits in populations depends 
not only on the respective gene frequencies, but also on the breeding structure 
of the populations. One of the important aspects of the prevailing mating 
pattern can be measured through the use of the coefficient of inbreeding, a 
population parameter practically impossible to evaluate in natural populations 
of animal species, but very easily determined in man, 


INBREEDING IN BRAZIL 


During the past six years, the writer has become very interested in this par- 
ticular problem in human genetics and has tried to discover the inbreeding 
levels under which the present-day Brazilian populations live, as well as the 
magnitude of the same parameter during the last 150 years. The study of this 
problem in Brazilis greatly facilitated by the fact that much data can be obtained 
through the analysis of Catholic marriage records, a source of information which 
is available for the great majority of the population. The calculation of the 
coefficients of inbreeding has been done on the basis of data on the frequencies 
of marriages between uncles and nieces, aunts and nephews, first cousins, first 
cousins once removed, and second cousins. A few of the results obtained have 
already been published (Freire-Maia’**), but the great bulk of the data will 
be presented in a paper now in preparation. 

The following features of the breeding pattern of Brazilian populations have 
become apparent: 

1. The degrees of inbreeding vary greatly in different regions: the rates are 
relatively low in the south and in parts of the east (a mean level of about 1% 
of first-cousin marriages has been found) ; are very high in large regions of the 
east and north-east (a level as high as 10% for first-cousin marriages has been 
detected) ; and are intermediate, but highly variable, in other regions. 

2. There is, in general, a clear trend towards decreasing inbreeding rates, 
although a few reversals of this trend have been noted. : 

3. Geographic inbreeding gradients have been detected in some zones, with 
increasing inbreeding from the coast to the hinterland. 

4. Although some of the Brazilian rates of inbreeding are higher than the 
highest so far found in other countries, the mean Brazilian coefficient of in- 
breeding (0.002) is relatively low because about one-third of the population lives 
at the level of 1% of first-cousin marriages. 

An analysis of the factors probably responsible for the different degrees of 
inbreeding found in Brazil revealed that cultural pattern, economic level, migra- 
tion, population density and degree of ruralization seem to be the most important. 


EFFECT OF INBREEDING ON POPULATION STRUCTURE 


It is known from theoretical analysis that inbreeding coefficients as high as 
0.01 and 0.02, such as are found in some localities, produce negligible effects on 
common recessive traits, but have a considerable influence on the rare ones 
(Table I). Suffice it to say, for instance, that characteristics with a gene fre- 
quency of 1% will, under the action of a coefficient of inbreeding of 0.01 (which 
prevails in large populations in Brazil), have phenotype frequencies 99% greater 
than those expected in a model assuming no inbreeding (Table I) and 90% 
greater than those expected in populations with a coefficient of inbreeding of 
0.001 (Table II). These almost 100% increases could hardly be detected in a 
direct way, through the analysis of the phenotype distribution in the populations, 
. but may be appreciated through the incidence of the so-called “recessive” diseases 
in the offspring of consanguineous marriages, as well as through the incidence 
of consanguineous marriages among the parents of people presenting the same 
kind of genetic traits. Some data obtained on deaf-mutism show, for instance, 
a really very high inbreeding effect. In a population where the frequency of 


1 Submitted by Dr. N. Freire-Maia, Director, Laboratory of Genetics, University ef 
Parana, Curitiba, Parana, Brazil. 

2 Freire-Maia, N. (1952) Amer. J. hum. Genet. 4, 194, 

3 Freire-Maia, N. (1953) Cieneia (Méx.), 1, 26. 

é Freire-Maia, N. (1954) Carologia, 6, Suppl., p. 923. 
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first-cousin marriages has been estimated as 3.5%, there has been shown to 
be about 21% of first-cousin marriages among the parents of deaf-mute children 
(Aguiar & Freire-Maia’ and unpublished data). Inasmuch as some of these 
children undoubtedly owe their defect to extrinsic factors, the frequency of 
consanguinity among the parents of children with genetically determined defect 
is of course even higher. This problem will, however, be discussed in detail 
elsewhere, j 

’ EFFECT OF INBREEDING UNDER INCREASED MUTATION RATE 


In recent times one of the most important human genetics problems is the 
evaluation, on a quantitative basis, of the effects of increasing radiation levels 
on the genetic composition of pepulations. Unfortunately, no accurate mathe- 
matical treatment could be given to this subject up to the present, as no precise 
information has yet been collected on some basis phenomena—namely, the 
spontaneous mutation rates, the induced mutation rate per gene per roentgen, 
the total number of loci, etc. (see discussion in Neel & Schull°). Thus the treat 
ment to be presented below is not intended to show what happens under increas- 
ing radiation, but what could happen under increasing inbreeding. The em- 
phasis will be put not on the rates of mutation frequency increment but rather 
on the fact that, assuming a given increment, the action of different inbreeding 
rates will produce different quantitative effects. 

For instance, assuming that the probability of induced mutation per gene per 
roentgen in man is of the same order (2.5 X-°10‘) as that found in the mouse 
(Russell), doses of 100 r would increase this probability to 25 X 10°. Thus, 
five different populations (A, B, C, D, and E), differing only in the intensity of 
inbreeding, with two given recessive genes at frequencies of 0.007 and 0.003, will 
have the frequencies of these genes increased respectively to 0.007025 and 
0.003025. However, the increase of the frequencies of the recessive genotypes 
will depend on the inbreeding level of each population (Table III). Five in- 
breeding coefficients have been chosen for comparison: 0.001, 0.003, 0.006, 0.009 
and 0.011. The first one, representative of European populations according to 
Haldane,’ also holds true for southern Brazil; the third has been assumed to 
characterize the highly inbred Japanese populations as a whole (Neel et al.°) ; 
the fourth is the highest detected Brazilian coefficient for a large zone (the centre 
of the north-eastern region) ; the fifth is probably the coefficient now prevalent in 
the populations of this particular zone; and the second has been selected to rep- 
resent an intermediate step between the “low” European level (0.001) and the 
“high” Japanese one (0.006). Table III shows how much different coefficients. 
of inbreeding may change the phenotype composition of populations subject to 
the same radiation impact. With the initial frequency of 0.003, it is seen that 
the Brazilian coefficients 0.009 and 0.011 produce total increments (0.01125 and 
0.01275) more than twice as great as that produced by the European and southern 
Brazilian coefficient of 0.001. With the initial frequency of 0.007, the effect is 
a little smaller. The action of the Japanese mean coefficient is somewhat inter- 
mediate, as expected. Other things being equal, then, it is to be expected that 
induced recessive mutations manifest their effects with much higher frequencies 
in populations with inbreeding rates like those found in some Brazilian regions 
than in some European or North American populations. 


PROSPECTIVE GENETIC RESEARCH ON INBREEDING 


Now that we possess the basic information on inbreeding rates in Brazil, it 
has been possible to discover’ some “modern” populations living at inbreeding 
levels probably comparable to those of European communities in the Middle 
Ages. In the focus of the highest inbreeding levels in Brazil, for instance, some 
localities have been found where as many as 1 out of 6 and 1 out of 5 of the 
marriages are contracted between first cousins, and 1 out of every 3 marriages is 
consanguineous up to and including second cousins. This situation would seem 


5 Aguiar, W. C., and Fretre-Maia, N. (1953) Ciéne. e Cult. 5, 203. 

© Neel, J. V., and Schull, W. J. (1956) The effect of exposure to the atomic bombs on 
pregnancy termination in Hiroshima and Nagasaki (in press). 

7 Russell, W. L. (1951) Cold Spr. Harb. Symp. quant. Biol. 16, 327. 

®§ Haldane, J. B. S. (1947) Ann. Eugen. (Camb.), 14, 35. 

®© Neel, J. V. et al. (1949) Amer. J. hum, Genet. 1, 156. 
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to be of great potential usefulness in the study of the general effect of con- 
sanguineous marriages on the genetic make-up of populations and the discovery 
of the mean number of deleterious recessive genes per individual. Unfortunately, 
in the zones in Brazil where the very high inbreeding rates prevail, no analysis 
regarding the incidence of specific hereditary anomalies seems feasible because 
the level of medical practice there is lower than in the larger cities. Neverthe- 
less, in these regions a study can be made of such population characteristics 
as the frequencies of abortion, miscarriage, stillbirth, infant mortality, mal- 
formations as a whole, ete., and should afford some interesting results. Further- 
more, in Rio de Janeiro, Sao Paulo, and some other cities, where the inbreeding 
rates are probably from ten to twenty times higher than those prevailing in 
similar or even smaller cities in the USA (Glass; *° Herndon & Kerley; ™ Stein- 
berg (personal communication, 1956); Woolf et al.“), and where very good 
hospitals exist, a complete and detailed analysis is possible. 
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TABLE I.—Effect of two coefficients of inbreeding (0.01 and 0.02) on incidence of 
recessive traits with different gene frequencies (q) 





a=0.01 a=0.02 
@% P% 
apqy% g+aq(%) apd (%) apy% |g@+apq(%) opq(%) 
q q 
SSG Sr Bi 25 0. 25 25. 25 1 0.5 25.5 2 
Me AVIIE OG 4 0. 16 4.16 4] 0.3 4, 32 8 
10S) Reseed 1 0.09 1.09 9 0. 18 1.18 18 
Bi ee ge 0. 25 0.0475 0. 2975 19} 0.095 0. 345 38 
Pe ie aed SL Ss 0. 01 0. 0099 0.0199 99 | 0.0198 0. 0298 198 
0.5.0 RU 2 0.0025 | 0.004975] 0.007475 199 | 0.00995 0. 01245 398 


0.1...------------ 0. 0001 0. 000999 0. 001099 999 0. 001998 0. 002098 1 998 





TABLE Il.—Effect of two coefficients of inbreeding (0.001 and 0.01) on incidence 
of recessive traits due to genes with frequency of 1% 


Incidence of the traits Increment 


a=0.001 ol=0.001 a'pq 
g+apq 





0. 01099% | 0. 0199% 90% 





10 Glass, B. (1950) Cold Spr. Harb. Symp. quant. Biol. 15, 22. 

11 Herndon, C. N., and Kerley, E. R. (1952) Cousin marriage rates in Western North 
Carolina (Paper presented at the annual meeting of the American Society of Human 
-Geneticists, Ithaca, N. Y.; unpublished). 

12 Woolf, C. M. et al. (1956) An investigation on the predtence of consanguineous 
marriages among the Mormons and their relatives in the United States, (In press.) 
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TABLE III.—Hffect of inbreeding level of populations on frequency of recessive 








traits under increased mutation pressure, according to Haldane’s for- 
mulae *? 
Initial fre- | Increment of | Increased fre- 
Coefficient quency of recessives’ |. quency of * “Potal’? 
Population of inbreeding | recessives Ag(a+2q) recessives increment 3 
(a) ey | 02 (B) (A+B) (Bx30 000) 
q=0. 003 
q-+Aq=0. 003025 
A. .Ste SSS eee TA 0. 001 0. 000011991 0. 000000175 |. 0. 000012166 0. 00525 
Bz eee! sos Ao et ee a eet 0. 003 0. 000014973 0. 000000225 0. 000015198 0. 00675 
Boe sede | EE SS Bi bake, ech AEE cle al 0. 006 0. 000026946 0. 000000300 0. 600027246 0. 00900 
Dee ee ee eee cree Ss ae ae 0. 009 0..000035916 0. 000000375 0. 000036291 0. 01125 
ie Seat ee Sel cease 0. 011 0, 000041801 0. 000000425 0. 000042326 0. 01275 
q=0. 007 
q+Ag=0. 007025 
Aa SER Bie eee AOR 0.001 | . 0.000055951 0. 000000375 0. 000056326 0.01125 
Be eg ee ae ea oe. 0. 003 0. 000069853 0. 000000425 0. 000070278 0. 01275 
bE eae Ss eae eee epee ‘0. 006 0. 000090706 0. 000000500 0. 000091206 0. 01500 
DD Da yhmat pales nang pha eggs Che goed 3 0. 009 0. 000111559 0. 060000575 0. 000112134 0. 01725 
El; SE See ee eee 0. 011 0. 000125461 0. 01875 


0 000000625 


0. 000126086 





1 Haldane, J. B.S. (1947), Ann. Eugen. (Camb.), 14, 35. 
2¥or details, see Neel et al., footnote 9 in text. 
3 Assuming an identical behaviour of 30 000 loci in gametes (Spuhler, J. N. (1948) Science, 108, 279). 
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DETECTION OF GENETIC TRENDS IN Pustic HEALTH ? 


To assess the practical genetic consequences of irradiating human populations, 
one must either:(a) extrapolate from mutation-rate studies in exposed animals, 
or men, to the effects of the additional mutations on human health and fitness; - 
(b) extrapolate from fitness studies in animals to health and fitness in man; 
or (c) measure the important changes in the genetic component of health and: 
fitness directly in the human populations which are exposed to a rising back- 
ground of radiation. Age 

The first two of these approaches have received considerable emphasis because 
the experimental procedures are relatively straightforward, and because pre- 
dictions are needed, however tentative they may be. Unfortunately, however, it 
is extremely difficult to extrapolate from increases in mutation rates to the 
magnitude of the resulting increases in amount of general ill health, or from 
the fitness of animal populations to the fitness of human populations. In fact, 
there is reason to doubt whether the extent of the effect of a given increase in 
background radiation can ever be adequately anticipated. 

The logical complement to prediction lies in the development of some sensitive 
means of detecting important genetic trends before they have gone too far. 
Ultimately, of course, this detection is the only. way our predictions can be 
tested. 

The main deterrents to setting up a continuing survey aimed specifically at 
the detection of important long-term genetic trends are the absence of any cer- 
tainty as to how sensitive a method can be devised, and the very considerable 
financial and organizational difficulties. However, since we lack the assurance 
that “prediction” alone will fill our needs, it seems important that the feasibility 
of “early detection” receive much fuller consideration than it has in the past. 

The present account deals with the application of certain of the methods of 
vital statistics to such detection. It seems essential to make it quite clear that 
the suggestions which follow are not at present recommended lines of action for 
general adoption by central vital statistical or record departments. These sug- 
gestions have been made earlier with Canada, solely as personal recommenda- 
tions, with a view to studying their feasibility. As presented here, however, the 
remarks are designed simply to show the possibility of collecting specific data 
on human variation which could not possibly be assembled on a comparable 
scale by the conventional ad hoc field inquires used in population genetics. The 
methodology ‘is discussed in this paper in the hope of getting constructive 
criticism before we embark on research on such a large scale. 


* Submitted by Dr. H. B. Newcombe, Biology Branch, Atomic Energy of Canada Limited, 
Chalk River, Ont., Canada. 
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Sources of Information 


In general, to discriminate between genetic and environmental causes (either 
in genetic condi*ions of individuals or in population trends) information is 
needed concerniug the number of affected and unaffected individuals, their 
family relationships, and the environments to which they have been exposed. 
Considerable information of all three kinds exists in the routine registrations 
of births, deaths and marriages. The handling procedures are not at present 
designed to discriminate between the genetic and environmental contributions to 
the diseases which are reported on the death registrations, but if maximum use 
were made of all three kinds of information we could presumably make such a 
distinction, with at least some degree of success. 

Since routine vital statistics are a recognized measure of the health of a 
population, one approach to the detection of genetic trends would seem to lie in 
supplementing the basic information where necessary, and in designing handling 
procedures to distinguish the genetic from the environmental causes of ill health. 

The approach is limited at present with regard to the health information, 
which relates solely to causes of death and still-birth, but other routine sources 
could be tapped. For example, one Canadian province (British Columbia) has 
made use of the “Physician’s Notices of Births and Stillbirths”, which are quite 
separate from the birth registrations, to obtain ‘details of still-births and con- 
genital abnormalities. The problem of adequate ascertainment is undoubtedly 
soluble. 

The chief advantage in the use of registrations of births, deaths and marriages, 
however, is that these contain, in raw form, the most reliable and complete infor- 
mation on the family relationships of the individuals who make up the popula- 
tion. They are in essence a family tree on a very large scale (complete with 
marriage dates, birth dates, and the dates of all deaths). ‘To extract this family 
-information manually, and to convert it into a usable form, would be a prodigious 
task, and for this reason we have concentrated much of our thinking on the 
development of mechanical procedures involving the matching and sorting of 
punch cards to form a “Family Register Index’”’, 

A “Family Register’ would contain cards for all marriages, starting from a 
given year. To these would be added the cards for all births arising out of 
these marriages, which would be identified and sorted into their respective 
sibling groups. In addition, all cards for still-births and for the deaths of off- 
spring’ would be similarly identified and sorted. A further procedure has been 
devised whereby any marriages between first cousins could be identified, together 
with the births and deaths of their offspring, without resorting to interviews 
and without reference to any other kind of record (see Fig. 1 and 2). 

Thus, for each disease condition on which information is available, it would 
be possible to determine the incidence within three groups of individuals: the 
population as a whole, the offspring. of first-cousin marriages, and the siblings 
of affected individuals. This seemed the most suitable use to make of the family 
relationship data in an initial study, but the information could be applied in 
many other ways. . 

In addition, the registrations contain a considerable amount of routinely 
recorded information on environment, which would permit a breakdown of any 
data by the following factors: rural or urban residence; socio-economic class, 
as derived from father’s occupation; age of mother and of father at time of 
birth; family size and spacing; racial origin; gestation period; legitimacy or 
illegitimacy ; and home versus institution birth. This is probably adequate for 
any initial study, and supplementary information could undoubtedly be obtained. 

The “Family Register Index” is the one unique feature of the present pro- 
posals. In emphasizing the mechanical methods involved, it should be explained 
that it was felt that the personal-interview technique of obtaining pedigrees 
would become too laborious in any study involving both a large population and 
many of the common diseases. And yet, if the common diseases were not in- 
cluded, or if the study were limited to a few genetically simple “indicator condi- 
tions”, it would be difficult to relate any trend observed to the general health 
of the population. And the latter is, of course, our ultimate practical concern. 

In making these proposals it has been assumed that the present problem of 
genetic damage from radiation, and the related problem of the operation of other 
causes in the production of genetic trends, are of sufficient importance to justify 
any appropriate changes in the collection and analysis of statistics relating to 
the health of the whole population. Our prime concern is with broad categories 
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of ill-health, and methods of obtaining and handling information on the very 
large numbers of affected individuals and their relatives need to be developed. 


Rationale 


In general, the greater the complexity of the genetic and the environmental 
causes of a condition, the more information of the three kinds (i. e., pertaining 
te health, family and environment ) will be required to disentangle the two. 

Thus, to look for a trend in the frequency of a simple dominant ‘indicator’ 
condition, it would only be necessary to observe the proportions of affected indi- 
viduals in the population. And to detect trends involving a simple recessive 
gene it would be sufficient to know the proportions of affected individuals in 
offspring from consanguineous parents. However, if one extends the survey to 
conditions arising from a recessive gene with incomplete penetrance, it would be 
necessary, in addition, to know the corresponding proportion of affected individ- 
uals in the rest of the population. In this case the gene fr equency would be cal- 
culated from the ratio of the two, referred to as a “K” value; and since penetrance 
affects both components of the ratio equally, ag ed Ki} and the ealeulated gene 
frequency would be essentially independent of penetrance. 

The number of diseases can, of course, be extended still further to include those 
due to dominant genes of unknown penetrance and those due to multiple additive 
genes, using comparisons between siblings (or other closely related individuals). 
Formulae for the estimation of gene frequencies from data of this kind (using 
the ratio of the incidence. in close relatives of affected individuals to that in the 
population as 4 whole, i. e., a “K’” value) have been derived by Penrose’ and 
applied to a number of common diseases. 

Where our main interest is in the detection of changes in the gene frequencies, 
rather than in the absolute frequencies, the problem is considerably simplified. 
Attention centres on trends in the values of “K”, and it is not essential to know. 
whether the genes are recessive, dominant, or multiple additive. 

Thus, a basie requirement for discriminating between the genetic and the 
environmental trends affecting public health is a knowledge of the proportions of 
offected individuals within three groups of people: the offspring of consanguineous 
unions, the close relatives of affected individuals, and the population from which 
these were drawn. 

Environmental changes, when they affect penetrance uniformly throughout 
the population, are unlikely to produce spurious trends in the estimates of gene 
frequencies. This is true also of changes affecting the extent of the ascertain- 
ment, and of changes in diagnostic fashion, when they occur uniformly through- 
out the population. ° However, there are a number of sources of error, and addi- 
tional information would be needed in order to detect and evaluate them. Such 
information would relate mainly to the environment. 

Gene frequencies based en consanguinity data would be least subject to bias, 
the main source of which is the fact that marriages between close relatives tend 
10 be more common in certain sectors of the population—notably, the rural groups. 
To eliminate errors from this source it would be necessary to obtain independent 
values of “IK” from the various population groups (e. g., breaking the data down 
ky: rural or urban residence; racial origin ; socio-economic class; ete.) or, better 
still, from comparisons with offspring from the brothers and sisters of the indi- 
viduals who married their cousins. 

Gene frequencies based on “K” yalues for sibling comparisons may be biased in. 
a humber of ways. In general, where there are ‘family-to- -family differences in 
environment affecting the expression or penetrance of an hereditary disease, the 
increased tendency for affected individuals to appear within particular families 
will increase the value of “K” and bias the estimate of gene frequency down- 
wards. Environmental heterogeneities which might give rise to this kind of bias 
could be associated with: (a) maternal effects due to the mother’s hereditary 
constitution; (b) maternal effects due to the environment to which the mother 
has been exposed; and (c) effects due to the child’s post-natal environment. It 
shou'd be possible to detect any bias from these sources, and to estimate its mag- 
nitude. 

Thus, where there are maternal effects due to the mother’s heredity, thes 
should make for a closer resemblance between the children and any of their fir st 
cousins by their mother’s sisters, than with first cousins of the other three kinds 
(i. e., offspring of the mother’s brothers, of the father’s sisters, or of the father’s 
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brothers). The extent of the discrepancy (allowance having been made for dif- 
ferences in the likelihood of inheriting similar X-chromosomes) should indicate 
the magnitude of the bias. Important environmental variables other than inher- 
ited maternal effects should be strongly correlated with the incidence of the 
condition in a suitable breakdown by environmental groups. 

Environmental differences may operate by altering either the expression of a 
genetic condition (i. e., the “penetrance” or “expressivity”) or the production 
of non-genetic effects which simulate the genetic condition (i. e., “mimics” or 
“phenocopies”). Variations in environment might tend to group the affected 
individuals into families by either mechanism, thus increasing the value of 
“IK” and causing the gene frequency to be underestimated. But variations in 
the production of mimics could operate in the opposite manner through obscuring 
the grouping due to genetic causes. Both environmental influences will be 
observed in an appropriate breakdown of the data, as a correlation between 
environmental group and incidence of affected individuals. 

The two effects will in many cases be distinguishable, however, by observing 
the “K” values for appropriate environmental groups. Where the influence is 
on penetrance, the value of “K” for any homogeneous group will tend to be less 
than that for the mixed population (and the estimates of gene frequency will be 
less biased). Where the infiuence is on mimic production, the value of “K” for 
a genetic condition would tend to be increased in homogeneous favourable 
groups where mimics are rare, and decreased in the unfavourable groups where 
they are common. In either case, the most reliable estimates of gene frequency 
would be obtained from groups living in the most uniformly favourable environ- 
ments. 

Such refinements, using information which is already collected as a matter of 
routine, would remove many of the sources of bias. Further, since genetic 
applications were not envisaged in the planning of the present system of vital 
statistics collection, improvements could undoubtedly be devised after any major 
attempt to apply the existing information. It is, of course, impossible to predict 
just how sensitive a means for the detection of genetic trends might eventually 
be developed ; this can only be done as experience is gained in using the informa- 
tion which we already have in a readily available form. 

In case the present proposals seem over-optimistic, it is worth noting that at 
least one serious attempt has already been made to detect a genetic trend in a 
complex quantitative character (namely, intelligence*) which is known to be 
subject to environmental influences, and that this attempt has made very little 
use of information on family relationships and environment, and of the refine- 
ments which these permit. 


DETAILS OF FACILITIES AND PROCEDURES 


Microfilms of the registration forms for all births, deaths and marriages 
occurring in Canada are kept centrally at the Bureau of Statistics. From each 
of these microfilms, a punch-card, bearing a non-repetitive serial number and 
containing particulars of the event and of the individuals involved, is prepared 
as a matter of routine. At present a modification in the punching of these cards 
is under consideration. The modification is designed to enable each birth card 
to be identified mechanically with the marriage card of the parents, matching 
by name of father, maiden name of mother, and parents’ initials and birth 
years; while the death cards would in a similar manner be identified with the 
individual’s birth cards, matching by family name, first name and initials, 
province and date of birth. A small proportion of apparent discrepancies are 
known to arise, almost all of which could be matched manually. 

The new birth and death cards would have additional blank spaces into which 
could be transferred the serial number from the corresponding marriage card. 
This operation would be. mechanical, and the serial number from the marriage 
card would then become a “family number”, enabling all three cards to be 
readily identified into family groups. 

The change in the method of punching would not add appreciably to the present 
costs, which are in the vicinity of $100,000 per year, while the additional match- 
ing procedures and the punching of the family number might perhaps double 
these costs. This estimate refers to a proposed ten-year pilot study, but in a 
continuing study the handling of an-expanding file of cards would involve a 
further increase in cost which has not as yet been estimated. 
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In addition, to identify all marriages between first counsins, the microfilms 
of the marriage registration forms would be scrutinized, and those in which 
one of the bride’s parents had the same family name as one of the groom’s parents 
would be singled out. In the case of these registrations (which amount to 
about 1%-2% of all marriages in Canada), the birth records of the bride and 
groom, and then of the respective parents of similar family name, would be 
checked for positive identification of the marriages which are in fact between 
first counsins. One man can scan approximately 1000 marriage registrations a 
day for this purpose, and searching of birth records is a function which the 
provinces carry out routinely at a relatively small cost. 

When a Family Register Index is created, it would be used in conjunction 
with an Ill-health Register of all “affected” persons, who will be identifiable by 
their names and by the dates and places of their births, if they have not already 
been identified by the “family number’... The latter register would include still- 
births, infant deaths, other deaths, congenital malformations, hospital records, 
other medical records, ete. From the two registers one would derive the sizes 
of the sibling groups and the numbers of affected individuals in each. Wein- 
berg’s propositus method would be used to calculate the probability that a sibling 
of an affected individual will be similarly affected: p= 2a#2(#—1)/ZH(s—1), 
where p is the required probability, # the number of affected persons in the fam- 
ilies, and s the number of children of the individual families. The incidence 
of the condition in offspring of first-counsin marriages, and in the population 
as a whole, would be obtained directly. 

The Family Register Index can be thought of as a major research tool, designed 
to do away with the need for obtaining pedigrees by personal interview and thus 
to pave the way for whole-population studies of common diseases. Such studies 
would seem to be an integral part of any attempt to measure the practical con- 
sequences of genetic trends in terms of the general health of the population. 


Details of Suggested 10-year Pilot Study 


It has been proposed that before embarking on a major continuing programme 
of an entirely new kind, the design should be tested in a preliminary special 
study. In the present case there is an additional reason for such a study. 

The main programme, if started solely with current registrations of marriages, 
and of the births and deaths of the children arising out of these, would require 
approximately four years before any comparisons could be made in brother- 
sister groups, and about ten years before it would have expanded sufficiently 
to yield data for a breakdown by cause of death. Only then would it be possible 
to evaluate the design of the project. 

To avoid loss of time a special study could be carried out, essentially similar 
to the projected continuing study, but using existing records on a “backlog” 
basis. In drawing up the specifications it was assumed that the special study 
would cover the ten-year period from 1946 to 1955 inclusive. An attempt has 
been made to foresee the amount and kind of data which might be expected 
from the special study. It is estimated that there would be in the vicinity of 
a million infants born to the marriages under study, and that approximately 
half of these would have at Jeast one brother or sister with whom comparisons 
could be made. 

The special study would deal mainly with infant deaths, and should indicate 
the extent to which deaths from various causes tend to be correlated in families 
and in the offspring of first-counsin marriages. These correlations (i e., the 
factors by which the various causes are more common in these two groups of 
individuals than in the population as a whole) are the values which will be 
expected to change with changes in gene frequencies. The study would show 
how large these factors are for the various causes of death, together with the 
confidence limits, and would at the same time indicate any changes which should 
perhaps be made in the design of the continuing study. 

In addition, since the relatives of affected individuals constitute a group in 
which the frequencies of the predisposing genes are, as it were, artificially in- 
creased, the results should give us a better appreciation of the practical conse- 
quences of an increase in the incidence of deleterious genes in the population 
as a whole. 

The extensive Family Register Index, developed during. the special study, 
would be used in the continuing study so that current: births from much. earlier 
marriages could be included from the start. This would ensure an appreciable 
annual yield of data without having to wait until the marriages occurring in 
the first year of the study had yielded two children, . 
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FUTURE FACILITIES AND THEIR POTENTIALITIES 


With the present punch-card equipment a storage problem would eventually 
develop. The family Register Index must contain three cards for each individ- 
ual who has been born, married and died, and family groups of cards will have 
to be retained until the last of the brothers and sisters has died. Probably 
the equilibrium number of cards would be in the vicinity of three for each living 
member of the population. The obvious solution is a system of miniature cards, 
capable of being mechanically sorted and matched. If, in addition, these cards 
had an increased information capacity and could be handled more rapidly, the 
usefulness of the Family Register Index would be enormously increased. 

One such system—the Kodak Minicard, which has been described by Tyler, 
Myers & Kuipers *—is in the process of development. (Details: card size, 32 mm 
by 16 mm; storage space required, 15 inches by 80 inches by 50 inches per 
2 000 000 cards; digital information capacity, between five and six times that of 
the standard punch-cards, with room for a photographic image of the original 
registration form as well; handling speeds of 1800 cards per minute for sorting 
and selecting.) Such a medium could replace both the existing microfilm and 
the punch-cards, while taking approximately the same space as the microfilm 
alone. 

The most important use for the additional information capacity would be in 
the identification of relatives more distance than brothers and sisters. The 
“family identity number” assigned at the time of marriage would be carried 
forward, not only to the children’s birth and death cards, but to the children’s 
marriage cards as well, and so on. The number of steps in this carryover 
would of course depend ultimately on the amount of digital information space 
allocated to ancestor-family numbers, 

Let us assume, for example, that two generations of ancestor-family num- 
bers are present on all cards (requiring, for 10-digit numbers, 60 out of the 420 
spaces which will be available when the card contains a photographic image 
as well). Causes of death could then be compared in children, parents and 
grandparents, and in other relatives as remote as Eecond cousins, using a 
single sorting and matching of death cards. 

Another medium which might have applications is magnetic tape. (Infor- 
mation capacity, 100 characters per inch; handling speed for tabulation and 
other purposes, 15,000 characters per second. ) Records from cards which had 
been suitably sorted in advance could be incorporated each year, together 
with the accumulated records of previous years, into a single master-tape, which 
would be revised annually. Assuming that such a tape contained records from 
50 000 000 cards with 100 characters per card, it would require approximately 
100 hours (not counting the changing of reels) to run the entire tape through a. 
machine in order to tabulate the information in the required form. | 

In view of the rapid improvement in the designs of such equipment, the bulk 
of information to be processed, and the complexity of the operations involved, 
should not constitute more than a temporary limitation on any system of han- 
dling which was deemed necessary. 


CONCLUSION 


In this account it has been assumed that we may not be able to assess ade- 
quately the genetic damage occurring in irradiated human populations, either 
from a knowledge of the changes in mutation rates, or by observing the changes 
in fitness in similarly irradiated animal populations, or even by observing the 
prevalence of a number of genetically well-defined “indicator conditions’. With 
each of these observations there remains an uncertainty as to the amount by 
which the ill-health of the population has been altered, and if the answer cannot 
be stated in such terms it is of only limited use. 

This would seem to lead us to the much more arduous and exacting task 
of attempting to detect changes in the genetic factors which affect broad cate- 
gories of human ill-health. The degree of precision which might be achieved 
is impossible to predict, but it is clear that we could not afford to waste any 
of the available information relating to the health of the individuals who make 
up the population, to their family relationships, or to the environments in which 
they have been reared. 

Experience in effectively handling the masses of information of these three 
kinds which are at present readily available would seem to be one of our imme- 
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diate needs, while improvement in the routine sources of information is another. 
It is with the first of these needs that the present paper has been primarily 
concerned. 
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FAMILY REGISTER INDEX 
“1. PROCEDURE FOR IDENTIFYING BROTHER-SISTER GROUPS 


MARRIAGE REGISTRATIONS 















( MICROFILM) 
(1) Assign family serial numbers, 
(2) Punch two sets of cards, 
X7| (3) Sort one set by family no. 
for master file, NY) 
(4) Sort other by names and 
Go birth years of husband and MARRIAGE CARD 
Ww wite for reference file. REFERENCE FILE 
( Arranged alphabetically by husband's 
surname and wife's maiden name, 
their initials, and by the dates of. 
lead IONS their births) 
(1) Punch one set of cards, 
(2) Sort by parents’ names — 
and birth years as in® - 
marriage card reference file, 
(3) Obtain family number by matching 
with marriage cards in TO tabeeane CE FILE 
reference file. 


( Arranged alphabetically by infant's 
name and by date and place of 
birth) 


(4) Produce a second set of cards, 

(5) Re-sort first set by family no. 
for master file, 

(6) Sort other set for bith card 
teference file, 


DEATH REGISTRATIONS 
( MICROFILM) 


(1) Punch one set of cards, 

(2) Sort as in birth card 
reference file, 

(3) Obtain family number by 
matching with birth cards 
in reference file, 

(4) Re-sort. by family no. for 
master file, 


MASTER CARD FILE 


CONTAINING : Marriage cards 
All birth cards arising out 
of these marriages 
All death cards arising out 
of these births 
Arranged in order of family numbers to form family 
groups of cards 


If both the family information and the vital statistics are included on a single card, tabulations from the 
Master Card File will yield family sizes and numbers of children "affected", from which sibling correlations 
can be derived. Note that with the use of a miniature card the storage space required for the Master Card File 
would be about the same as that needed for the microfilms of the corresponding registration forms. 
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Fig. 2,. FAmity RecGister INpEx—II 


FAMILY REGISTER INDEX 


II. PROCEDURES FOR IDENTIFYING First CousIN MARRIAGES 


A. Procedure to be used when family indez is first started 


(1) Examine all marriage registrations for cases in which a 
parent of the groom and a parent of the bride have the same 
surname (or maiden name). 

(2) Where this is observed, search the birth records of the 
bride and groom for the birth years of the parents of similar 
name. 

(3) Then, search the birth records of the parents of similar 
name. Where the bride and groom are first cousins the names 
of the common grandparents will be found on both registrations. 

(4) Enter consanguinity on the marriage card in the family 
register index, and on all subsequent birth and death cards 
arising out of this marriage. 


B. A more direct procedure using the family numbers assigned to 
‘the marriages in the two preceding generations (the method 
will be usable after the family register index has been in 
operation for about 40 years) 

(1) Carry forward the following family serial numbers on to all 

new marriage cards: . 

(a) From the groom’s parents’ marriage 
(b) From the bride’s parents’ marriage 
(c) From the groom’s paternal grandparents’ marriage 
(d) From the groom’s maternal grandparents’ marriage 
(e) From the bride’s paternal grandparents marriage 
(f) From the bride’s maternal grandparents’ marriage 
(2) Where the family number for (c) or (d) is the same as that 
for (e) or (f), the bride and groom are first cousins. Cards in 
which this is the case will be identified mechanically. 
(3) Enter consanguinity on the marriage card, and on all subse- 
quent birth and death cards arising out of the marriage. 





The first of these procedures can be used immediately in the case of all prov- 
inces where the maiden names of the mothers of both bride and groom appear 
on the marriage registration form (i. e., all provinces in Canada except Quebec). 

The second procedure will enable consanguinity data to be obtained from all 
of the provinces, after the Family Register Index has been in operation for a 
sufficient period. 


APPENDIX 4 


Tuer Brorocicat Errects or Aromic RapIATION AND EXCERPTS FROM 
Patnoxtocic Errecrs or Atomic RaApIATION, STUDIES BY THE Na- 
TIONAL ACADEMY OF Sciences, NATIONAL RrsEARcH CoUNCIL 


THE BIOLOGICAL EFFECTS OF ATOMIC RADIATION 
SumMARY Reports From A Stupy BY THE NATIONAL ACADEMY OF SCIENCES 
National Academy of Sciences—National Research Council, Washington, 1956 


FOREWORD 


The reports published in this volume summarize the first technical findings 
and recommendations of six committees established to carry on a continuing 
study of the biological effects of atomic radiations from the points of view of 
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genetics, pathology, meteorology, oceanography and fisheries, agriculture and- 
food supplies, and the disposal and dispersal of- radioactive wastes. 

The members of these committees, numbering more than 100, are among the 
most distinguished scientists in their fields in the United States. They have 
given generously of their time and talents in making this analysis during the 
past several months because they are convinced that their fellow citizens should 
have the facts about the biological effects of atomic radiations based on all 
existing knowledge available to us. The members of the committees served as 
individuals, contributing their knowledge and their judgment as scientists 
and as citizens, not as representatives of the institutions, companies, or 
Government agencies with which they are associated. 

The use of atomic energy is perhaps one of the few major technological 
developments of the past 50 years in which careful consideration of the 
relationship of a new technology to the needs and welfare of human beings 
has kept pace with its development. Almost from the very beginning of the 
days of the Manhattan Project careful attention has been given to the 
biological and medical aspects of the subject. By contrast, the automobile 
revolutionized our pattern of living and working, but we are only now beginning 
to appreciate the problems of safety, urban congestion, nervous tension, and 
atmospheric pollution which have accompanied its development. In the same 
way, the development of the aircraft industry outran our knowledge of how 
to meet the environmental needs of the human beings it intended to transport 
through the skies. 

The reports now completed vary greatly as to the extent of technical detail 
they contain. The full reports of each committee, including technical 
appendices where these have been prepared, will be published at a later date 
by the National Academy of Sciences. Here only the essential facts, arguments 
and conclusions as seen today by each Committee are published. As further 
research provides new facts or further consideration sheds new light on what 
is now known these conclusions will almost certainly be modified. Moreover 
as time permits certain specialized aspects of the problem will be studies in 
more detail by the Committees. The results of these further analyses will. 
be published from time to time as the National Academy of Sciences’ study 
continues. 

Douglas M. Whitaker, Vice President of the Rockefeller Institute, has 
provided coordination and liaison among the study committees with the 
assistance of Charles I. Campbell of the Academy staff. The study has been 
greatly assisted by consultations with many authorities in private and 
Government organizations. Particular mention should be made of the 
cooperation of the United States Atomic Energy Commission and the Department 
of Defense. Financial support of the Academy’s study of the biological effects 
of atomic radiations is provided by the Rockefeller Foundation. 


DETLEY W. Bede. 
President, National Academy of Sciences. 
June 4, 1956. 
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REPORT OF THE COMMITTEE ON GENETIC ErFects OF ATOMIC RADIATION 
FOREWORD 


The National Academy of Sciences, with the approval of the top Government 
authorities, is carrying out an over-all Study of the Biological Effects of Atomic 
Radiations. One part of that general study is being made by a Genetics 
Committee, and the present report is a preliminary one from that Committee. 

This Genetics Committee has sixteen members, whose names and positions 
are listed at the beginning of this report. Thirteen of these have been directly 
and extensively concerned with research in genetics. This number includes 
specialists on the genetics of lower forms of life, on the genetics of such mam- 
mmals as mice, on the more mathematical aspects of population genetics, and on 
human genetics. One member is specially experienced in the general biological 
effects of radiation, one in radiological physics, and one in pathology. 

The problems of the Atomic Age affect every man, woman, and child—in fact, 
every living thing—in our country, and of course in the whole world as well. 
Although many of these problems are technical in character, it is nevertheless 
of importance to our democracy that these matters be as widely understood as 
possible. Therefore every effort has been made that this report be generally 
understandable. 

This necessitates a certain amount of explanation of technical matters; but 
this report will use just as few unfamiliar terms as possible, and will define 
those that are used. It should be understood that many of the statements made 
in this report would require various qualifications and a lot more detail to attain 
full technical precision. 

The subject is an inherently complicated one, and the reader must be prepared 
for a certain amount of detailed explanation, some of which is Lot easy to grasp. 
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It is felt that the subject is important enough so that many citizens will wish 
to make the effort which is necessary to a careful reading of this report. 

The simplifications and abbreviations which have been adopted in this report 
in order to achieve a generally understandable presentation will undoubtedly 
be recognized by, and it is hoped will not disturb, the more technical reader. — 
The later sections of the present report will be supplemented by more detail and 
factual justification if this is later desired by any of the agencies (as for example, 
the National Committee on Radiation Protection, the Atomic Energy Commis- 
sion, governmental and industrial groups concerned with radiation hazards, 
ete.), which have responsibility for the procedures and standards to which our 
recommendations apply. 

This particular report is preliminary for two reasons. First, we wish later 
to make a fuller report with more technical detail. Second, the situation is 
changing at such a rate that there should be a continuing series of reports, each 
bringing the subject up to date. 

The National Academy study is not directed toward the problems posed by 
wartime use of atomic weapons, nor toward the political aspects of atomic power. 
The study is only indirectly concerned with the social and economic aspects. In 
fact, the National Academy study, as its title indicates, is concerned with the 
possible biological hazards due to atomic and other radiations. And the present 
report, made by the Genetics Committee, is concerned with the genetic aspects 
of the possible biological hazards. As this report is read, it should become 
progressively clearer what these genetic aspects are. 


(I) WHAT ARE WE WORRIED ABOUT? 


The coming of the Atomic Age has brought both hopes and fears. The hopes 
center largely around two aspects: the future availability of vast resources of 
energy ; and the benefits to be gained in biology, medicine, agriculture, and other 
fields through application of the experimental techniques of atomic physics 
(isotopes, beams of high-energy particles, etc.). 

Gains in both of these areas can be of great benefit to tnieind: Advances 
in medicine and agriculture are obviously desirable. The wide availability of 
power can also be of great benefit, if we use this power wisely. For not: only 
should there be enough power to meet the more obvious and mechanical demands, 
there should be enough to affect society in much more far- reaching and ad- 
vantageous ways, so as to reduce world tensions by raising the economic 
standards of areas with more limited resources. 

On the other hand, the Atomic Age also brings fears. The major fear is 
that of an unspeakably devastating atomic war. Along with this is another fear, 
minor as compared with total destruction but nevertheless with grave implica- 
tions. When atomic bombs are tested, radioactive material is formed and 
released into the atmosphere, to be carried by the winds and eventually to settle 
down at distances which may be very great. Since it does finally settle down 

it has aptly been named “fall-out.” 
There has been much concern, and a good deal of rather loose public debate, 
about this fall-out and its possible dangers. 

Are we harming ourselves; and are there genetic effects which will harm our 
children, and their descendants, through this radioactive dust that has been 
settling down on all of us? Are things going to be still worse when presently 
we have a lot of atomic power plants, more laboratories experimenting with 
atomic fission and fusion, and perhaps more and bigger weapons testing? Are 
there similar risks, due to other sources of radiation, but brought to our atten- 
tion by these atomic risks? 


(II) WHAT COMPLICATIONS ARE MET IN REACHING A DECISION ? 


Now it is a plain fact, which will be explained in some detail later in this 
report, that radiations,’ penetrating the bodies of human beings, are genetically 
undesirable. Even very small amounts of radiation unquestionably have the 
power to injure the hereditary materials. Ought we take steps at once to 
reduce, or at least to limit, the amount of radiation which people receive? 

There are two major difficulties that make it very hard to decide what is 
Sensible to do. First, although the science of genetics is as precise and as 


1 Throughout this report the word “radiation” {fs not used in its broadest sense, but 
refers to certain kinds of high-energy radiations which are described in Section V. 
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advanced as any part of biology, it has in general, and particularly in human 
genetics, not yet advanced far enough so that it is possible to give at this time 
precise and definite answers to the questions: just how undesirable, how danger- 
ous are the various levels of radiation; just what unfortunate results would 
occur? 

Second, even if the relevant questions cuncerning radiation genetics could be 
answered definitively. that would be only part of the story. The over-all judg- 
ment (how much radiation should we have?) involves a weighing of values and 
a balance of opposing aims in regard to some of which the techniques of physical 
and biological science offer little help. 

What is involved is not an elimination of all risks, for that is impossible— 
i. is a balance of opposed risks and of different sorts of benefits. And in dis- 
turbing and confusing thing is that mankind kas to seek to balance the scale, 
when the risk on neither side is completely visible. The scientists cannot say 
with exact precision just what biological risks are involved in various levels and 
sorts of radiation exposure (these considerations being on one pan of the risk- 
scale) ; nor can anyone precisely evaluate the over-all considerations of national 
economic strength, of defense, and of international relations (all on the other 
pan of the scale). . 


(III) MUST WE THEN MOVE ENTIRELY IN THE DARK ? 


Does this mean that geneticists have, at the moment, nothing useful to say 
on this grave subject? Fortunately, this is not the case. We do know some- 
thing, though not nearly enough to give definite answers to a great many impor- 
tant questions. There is a considerable margin of uncertainty about much of 
this, and as a result, there are naturally some differences of opinion among 
geneticists themselves as to exact numerical values, although no disagreement 
as to fundamental conclusions. 

Many people, moreover, Suppose science to be definite—open or shut. Things 
are supposed to be so or not so. And, therefore, Some persons may, quite mis- 
takenly, conclude that geneticists are unscientific because they do not completely 
agree on all details. . 

In relatively simple fields, where both theory and experiment have progressed 
far, a comforting kind of precision does often obtain. But it is characteristic 
of the present state of human radiation genetics that one must carefully and 
painstakingly note a lot of qualifications, of special and sometimes very tech- 
nical conditions, of cautious reservations. The public should recognize that the 
attitudes and statements of geneticists about this problem of radiation damage 
have resulted from deep concern and from attempts to exercise due caution in 
a situation that is in essence complicaed and is of such great social importance. - 

It is not surprising that our knowledge of genetics—and especially human 
radiation genetics—is so fragmentary. What goes on inside cells and the effects 
of radiations on these processes are extremely complicated and subtle problems. 
To attack them successfully requires a tremendous lot of time; for the inherent 
variability of certain of these effects is such that to establish something with 
certainty one must do not one experiment but many thousands of individual 
tests and observations. To attack these problems also requires a high degree 
of special skill—and perhaps most of all, imaginative ideas which can be tested. 

Single-celled organisms, as well as. fruit flies and corn plants, have been 
specially rewarding objects of genetic study. In evolutionary terms, however, 
insects and plants are clearly a long way from man, and we are really just 
beginning to get genetic information about the effects of radiation on some of 
the lower mamma!s, such as mice. Even so, several matters of profound impor- 
tance have already become clear: bacteria or fruit fly, mouse or man, the chemi- 
cal nature of the hereditary material is universally the same; the main pattern 
of hereditary transmission of traits is the same for all forms of life reproducing 
sexually; and the nature of the effects of high-energy radiations upon the genetic 
material is likewise universally the same in principle. Hence, when it comes 
to human genetics, where the impossibilities of ordinary scientific experimenta- 
tion are clear and only a tantalizing start has been made, we can at least feel 
certain of the general nature of the effects, and need only to discover ways in 
which to measure them precisely. 


(IV) HOW COULD WE REDUCE RADIATION RISK? 


The major ways to reduce our present and future exposures to radiations would 
be: a) to reduce medical and other use of Xrays as much as is feasible; b) to 
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set and to observe regulations for the proper construction and the same operation 
of nuclear power plants and for the methods used to dispose of their radioactive 
wastes as well as the methods used in mining and processing the fissionable 
materials; c) to reduce the testing of atomic weapons and hence to reduce radio- 
active fall-out; d) to place limits on the human exposures involved in certain 
aspects of experimentation in atomic and nuclear physics. 

To carry out the steps just mentioned would, in greater or lesser degree for the 
various items, reduce radiation risks. Progress with regard to step a) can 
doubtless be achieved, although to go too far in reducing the medical use of Xrays 
would of course lead to the risk of poorer diagnosis and less effective treatment 
of disease. But to carry out steps b), c), and d) would subject us to a different 
set of risks. We might thereby impede progress in the nuclear field. We might 
seriously weaken our country’s position in the world. We might deny future 
generations some of the possible benefits of nuclear power and of other atomic 
discoveries. 

(V) RADIOACTIVE MATERIAL AND RADIATIONS 


Now that the problem has been posed, and now that we are warned somewhat 
about the difficulties, we must begin to consider some of the more technical issues 
involved. What is radioactive material, what are radiations, and what biological 
effects do they have? 

By radioactive material is meant those naturally occurring substances such as 
radium, or those man-produced.atoms resulting from atomic experiments, which 
are inherently unstable. Instead of remaining unchanged like ordinary atoms of 
familiar substances such as oxygen, gold, ete., the atoms of these radioactive 
substances act like alarm clocks set by mischievous gremlins for unknown times. 
Unpredictably (at least in individual instances, but predictably for the average 
behavior of a large number) these atomic alarm clocks “go off”; that is to say, 
they disintegrate. 

When radio material disintegrates it emits, along with other less penetrating 
and hence less significant rays, certain high-energy rays known as gamma rays. 
Some of these rays are entirely similar to a beam of light, except for the im- 
portant distinction that they readily penetrate human tissue which is nearly 
opaque to ordinary light. Also the energy of these rays is much higher than that 
of light, and this enables them to produce chemical and biological changes in the 
tissue they traverse. Rays of this sort, which transport energy from one point in 
space to some other point, are in general referred to as radiation. We also class 
as radiations beams of minute particles travelling at high speeds—such as elec- 
trons or neutrons which when they hit matter produce effects like those of the 
radiation mentioned. 

As indicated above, gamma rays are emitted by naturally eccurring radioactive 
substances, such as radium. They are also emitted by the radioactive materials 
which are produced in the nuclear fission which occurs in atomic weapons testing, 
in nuclear power installations, and in various sorts of experimental installations. 
These same rays, in dilute amounts, impinge on and penetrate all of us all the 
time. For radioactive material is, as an inevitable and hence normal procedure, 
built into the soil, rocks, plants, ete., and for that matter is also built into our 
own bodies. Similarly, such material exists on the luminous dials of our watches 
and clocks. The familiar Xrays of the hospitals and tuberculosis clinics, and in 
the offices of dermatologists and dentists, have properties of penetration and 
energy which are similar to gamma rays. 

Throughout this report, the word “radiation” refers primarily to gamma rays 
and/or x-rays, sometimes to other sorts of radiations as will be more particularly 
mentioned later. 

Everyone knows what a pound of beefsteak is, or a yard of cloth. We do not 
have that sort of familiarity with amounts, or units, or dosages of radiation. 
X or gamma radiation is measured in units called roentgens (abbreviated r; for 
example, “a dose of 3r”’). Dental Xrays involve a dose (to the reproductive 
organs or gonads, that being the important matter from the point of view of 
genetics) of about 0.005 r; and a general fluoroscopic examination may involve 
a dose of 2r or even more. 


(VI) SOME BASIC FACTS ABOUT GENETICS 


Before we ask what effect radiations have on genetic processes, we must 
review a little basic information about genetics itself. 

Every cell of a person’s body contains a great collection, passed down from 
the parents, the parents’ parents, and so on back, of diverse hereditary units 
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called genes. These genes singly and in combination control our inherited 
characteristics. 

These genes, aS was just stated, exist in every cell of the body. But from 
the genetic point of view the ordinary “body cells,” which make up the body as 
a whole, are not comparably as important as the “germ cells” which exist in 
m8. FEUEOGRS IVS organs, and which play the essential roles in the production of 
children. 

The genes are strung together, single-file, to form tiny threads of genetic ma- 
terial called. chromosomes, which are visible under a microscope. These 
chromosomes, in ordinary body cells, customarily exist as similar but not 
identical pairs. Human body cells normally contain 48 chromosomes, these 
constituting two similar but not identical sets of 24 chromosomes each. One of 
these sets of 24 chromosomes was inherited from the mother, for the egg cell 
carries a set of 24 chromosomes; and the other set of 24 chromosomes was 
inherited from the father, for the sperm cell also carries a set of 24. 

All the genes that a person starts out with when the original egg cell is ferti- 
lized are in general kept unchanged as the cells divide and the person’s body is 
elaborated and maintained... The process by which the dividing cells duplicate 
the genes may not always produce perfect copies, but it does so in general. But 
genes do nevertheless essentially change. They are changed by certain agents, 
notably by heat, by some chemical, and by radiation. It is with the last of 
these three agents of gene change that we are concerned in this report. 

When a gene becomes permanently altered, we say it mutates. The gene in 
its altered form is then duplicated in each subsequent cell division. If the 
mutant gene is in an ordinary body cell, then it is merely passed along to other 
body cells; but the mutant gene, under these circumstances, is not passed on to 
progeny, and the effect of the mutant gene is limited to the: person in whom 
the mutation occurred. 

However, it cannot safely be assumed that the effect is a negligible one on the 
person in whom the mutation occurred, nor can it properly be said that this effect 
is nongenetic, even though passage to offspring is not involved. For various 
kinds of cellular abnormalities are known to be perpetuated within an individual 
through body-cell divisions; so these effects are genetic in the broad sense. 

What is involved here is not only mutant genes, but also larger scale disrup- 
tion of the genetic material, such as breakage of chromosomes. 

The quantitative relations are not yet clear, but it is established that certain 
malignancies such as leukemia, and certain other cellular abnormalities can be 
induced by ionizing radiations. There is also some evidence that effects of this 
sort measurably reduce the life expectancy of the individual receiving the radia- 
tion. These risks have genetic aspects and therefore should receive mention in 
this report. Indeed these direct risks to the individuals exposed may well con- 
stitute another adequate genetic reason for limiting radiation exposures to the 
lowest practicable levels. 

To return to a consideration of the risks which are passed on to progeny, the 
mutant gene may exist in a sperm or an egg cell as a result of a mutation hav- 
ing occurred either in that cell or at some earlier cell stage. In this case, a 
child resulting from this sperm or egg will inherit the mutant gene. 

If we were to take the two chromosomes of a similar pair, stretch them out 
straight, and put them alongside each other, then each gene of one would be 
opposite a corresponding gene in the other. Thus the genes exist in pairs, as do 
the chromosomes. The two members of each pair of genes are not always 
identically the same. That is, in fact, why we call the chromosome pairs similar 
rather than identical. The two genes of a corresponding pair play similar roles, 
in that they both affect or help to determine the same characteristic of the 
whole organism. But one of the two may have a somewhat different, or a much 
more powerful effect than the other. 

Thus of a certain pair of genes, both might be concerned with hair color. 
If both genes of this hair-color pair are the sort which favor red hair, then the 
person has red hair. If both genes are the sort which favor non-red hair (black, 
brown, or blond) then the person has non-red hair. But suppose that, of this 
pair of hair-color genes, one favors red hair. and the other non-red hair. What 
happens then? 

The answer (husbands and wives will understand this) is that one of the 
two usually dominates the situation and gets its way, although (and again this 
seems reasonable) the meeker one of the two usually manages to avoid being 
completely ignored. 
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Thus with one non-red gene (this being the powerful and dominant one of 
the two), and one red gene (this being the meeker one), the hair is ordinarily not 
red, but the red gene may nevertheless produce some effect, a little red showing 
in the hair so as to make it faintly rusty or tawny in color.’ 

The powerful type of gene, which gets all or most of its own way in contrast 
to its companion gene, is very naturally called a dominant gene. The less effec- 
tive type is called a recessive gene. In this same terminology, non-red hair 
color is called a dominant characteristic, whereas red hair color is called a 
recessive characteristic. A recessive characteristic actually fully appears only 
if both of the relevant genes are of the recessive type. Of great importance for 
our present study is the fact that mutant genes—genes which have, for example, 
been changed by radiations—are usually of the recessive type. 

It is now easy to see that any organism may have, latent in its genetic con- 
stitution, ineffectual or recessive genes that have not had much of a chance to 
become apparent in its developed external characteristics, since the recessive 
genes are masked by their dominant companion genes. Yet often, as we have 
seen, this dominance is incomplete and recessive gene is able to manifest itself 
partially. 

When the two genes of a pair are alike (both recessive or both dominant) 
then they are called a homozygous pair; but when one is recessive and the 
other dominant, then the pair is called heterozygous. Thus a recessive char- 
acteristic (like red hair) can be fully expressed only when the corresponding 
gene pair is homozygous. 


(VIL) RADIATIONS AND GENETIC MUTATIONS 


We are now in a position to indicate why it is that radiations, such as X-rays 
or gamma rays, can be so serious from the genetic point of view. For although 
the genes, as described above, normally remain unchanged as they multiply and 
are passed on from generation to generation, they do very rarely change, or 
mutate; and radiation, as we have already mentioned, can give rise to such 
changes or mutations in the genes. The change is presumably an alteration 
in the complicated chemical nature of the gene, and the energy furnished by the 
radiation is what produces the chemical change. Mutation ordinarily affects 
each gene independently; and once changed, an altered gene then persists from 
generation to generation in its new or mutant form. 

Moreover, the mutant genes, in the vast majority of cases, and in all the 
species so far studied, lead to some kind of harmful effect. In extreme cases 
the harmful effect is death itself, or loss of the ability to produce offspring, or 
some other serious abnormality. What in a way is of even greater ultimate 
importance, since they affect so many more persons, are those cases that involve 
much smaller handicaps, which might tend to shorten life, reduce number of 
children, or be otherwise detrimental. 

The changed character, due to the mutated gene, seldom appears fully 
expressed in the first generation of offspring of the person who received the 
radiation and thus had one of his genes mutated. For these mutant genes are 
usually recessive. If a child gets from one parent a mutant gene, but from 
the other parent a normal gene belonging to that pair, then the normal gene is 
very likely to be at least partially dominant, so that the normal characteristic 
will appear. 

But this is not all of the story. For, like the red-hair gene, the harmful 
recessive mutant genes are not usually completely masked. Even when paired 
with a normal and dominant gene, that is to say even when in the heterozygous 
state, they still have some detrimental effect. This “heterozygous damage” is 
ordinarily much smaller than the full expression of the mutant when in the 
homozygous state, and yet there may be a significant shortening of the length 
of life or reduction of the fertility of the heterozygous carriers of the mutant. 
And the risk of heterozygous damage applies to many more individuals, indeed 
to every single descendant who receives the gene. 

The relations of genes to ordinary traits (not to the most simply determined 
biochemical traits (are of course much more complex than the previous para- 
graph would seem to imply. Such gene-determined traits may vary from person 
to person, due perhaps to environmental differences, and often may not even 
appear at all, A single gene usually affects several such characters, and char- 


2The accurate and complete genetic story about red hair {s more complicated than has 
been stated here. There are less familiar characteristics—thalassemia and sickle cell 
anemia for example—which more strictly conform to the simple pattern here described. 
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acters are practically always affected by many genes. Also the effect of a gene 
may depend on what other genes are present, often in a complex way. For 
example, a mutation tending to increase weight might be harmful to certain 
persons, but beneficial to others. 

Indeed it is likely that a large fraction of the genes that determine normal 
variability are of this rather ambiguous type that are sometimes deleterious, 
sometimes not. Mutations within this sort would not necessarily be harmful. 
Such mutations presumably occur, but geneticists do not know what fraction of 
all mutations are of this type, for they are not ordinarily detectable. However, 
the mutations that form the basis of this report are those that are relatively 
detectable, and these, as mentioned earlier, are almost always harmful. 

Individuals bearing harmful mutations are handicapped relative to the rest 
of the population in the following ways: they tend to have fewer children, or 
to die earlier. And hence such genes are eventually eliminated—soon if they 
do great harm, more slowly if only slightly harmful. A mildly deleterious 
gene may eventually do just as much total damage as a grossly and abruptly 
harmful one, since the milder mutant persists longer and has a chance to harm 
more people. 

In assessing the harm done to a population by deleterious genes, it is clear that 
society would ordinarily consider the death of an early embryo to be of much 
less consequence than that of a child or young adult. Similarly a mutation 
that decreases the life expectancy by a few months is clearly less to be feared 
than one that in addition causes its bearer severe pain, unhappiness, or illness 
throughout his life. Perhaps most obviously tangible are the instances, even 
though they be relatively uncommon in which a child is born with some tragic 
handicap of genetic origin. 

A discussion of genetic damage necessarily involves, on the one hand, certain 
tangible and imminent dangers, certain tragedies which might occur to our 
own children or grandchildren; and on the other hand certain more remote 
trouble that may be experienced by very large numbers of persons in the 
far distant future. 

No two persons are likely to weigh exactly alike these two sorts of danger. 
How does one compare the present fact of a seriously handicapped child with 
the possibility that large numbers of persons may experience much more minor 
handicaps, a hundred or more generations from now? 

There are thoughtful and sensitive persons who think that our present society 
should try to meet its more immediate problems, and not worry too much 
about the long-range future. This viewpoint is in some instances supported 
by the belief that new ways, perhaps unimaginable at the moment, are likely 
eventually to be found for meeting problems. 

There are other thoughtful and conscientious persons who think that we are 
specifically responsible for guarding, as well as we can now determine, the long 
future. 

Recognizing the inevitability and propriety of both viewpoints, and recognizing 
that they lead different persons to express their concerns through different 
examples and with differing emphases, the fact of major importance for this 
present study is that, travelling by different routes, different geneticists arrive 
at the same conclusion: Complevities notwithstanding, the genetic damage done, 
however felt and however measured, is roughly proportional to the total mutation 
rate. 

(VIII) MUTANT GENES AND EVOLUTION 


Many will be puzzled about the statement that practically all known mutant 
genes are harmful. For mutations are a necessary part of the process of 
evolution. How can a good effect—evolution to higher forms of life—result 
from mutations practically all of which are harmful? 

First of all, it is not mutations which, of themselves, produce evolution, 
but rather the action of natural selection on whatever combinations of genes 
occur. Much of evolutionary progress probably depends on changes within the 
range of normal variability, and thus depends on genes of very small effect, 
and of the type mentioned in the previous section which are favorable or 
unfavorable depending on what other genes are present. Thus evolution consists 
of a complex shifting of frequencies of such genes, accompanied by the continuous 
process of elimination of detrimental mutations and the occasional incorporation 
into the population of a favorable mutation, 

Nature had to be rather ruthless about this process. Many thousands of 
unfortunate mutations, with their resulting handicaps, were tolerated, just so 
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long as an advantageous mutation could be utilized, once in a long while, for 
inching the race up slightly higher to a better adjustment to the existing 
conditions. The rare creature with an advantageous combination of genes was 
better fitted to survive and displace his less favored companions, and thus 
evolution was served, even though there were thousands of tragedies for every 
success. 

The reader may. be troubled by a second difficulty. If mutation results in 
at least some favorable types, and if these are building blocks of evolution, 
why is an increase in mutation rate regarded as undesirable? Why wouldn’t 
an increase in mutation rate produce a larger total number of the favorable 
types and so speed up evolution? If the favorable types are normally quite rare, 
wouldn’t it almost seem that increasing the mutation rate would be desirable? 
The answer to this question lies in the consideration that the bad effects of 
mutation must be balanced against the good. Some mutation is necessary for 
evolution, but if the mutation rate is too high, the unfavorable mutations 
will be so numerous that the species and its future evolution will be handicapped. 
Under present-day conditions of living and medical care, it seems unlikely that 
the unfavorable results of mutation are being eliminated nearly as rapidly as 
was formerly the case. In other words, one of the consequences of the amazing 
mastery of his environment which man has achieved has been an actual decrease 
in the severity of natural selection. 

Geneticists in fact believe that although favorable mutations are rare com- 
pared with unfavorable ones, the human population probably already has, and 
will continue to have as a result of its present mutation rate and without addi- 
tional mutations from increased radiation, a large enough total supply of 
favorable, partially favorable, and potentially favorable mutations. In other 
words, with our present mutation rate we shall continue to have a degree 
of genetic variability adequate for further evolution. 


(IX) WHAT, THEN, CAN GENETICISTS SAY TO HELP RESOLVE OUR PROBLEM? 


With the background furnished by the preceding discussion, we can now 
state rather concisely certain main points on which geneticists are in sub- 
stantial agreement. Some of these points will partially repeat statements al- 
ready. made, but they are included here in order that this section be reasou- 
ably complete of itself. 

(1) Radiations cause mutations. 

Mutations affect those hereditary traits which a person passes on to his 
children and to subsequent generations. 

(2) Practically all radiation-induced mutations which have effects large 
enough to be detected are harmful. 

A small but not negligible part of this harm would appear in the first gener- 
ation of the offspring of the person who received the radiation. Most of the 
harm, however, would remain unnoticed, for a shorter or longer time, in the 
genetic constitution of the successive generations of offspring. But the harm 
would persist, and some of it would be expressed in each generation. On the 
average, a detrimental mutation, no matter how small its harmful effect, 
will in the long run tip the scales against some descendant who carries this 
mutation, causing his premature death or his failure to produce the normal 
number of offspring. 

Although many mutations do disturb normal embryonic growth, it is not 
correct that all, or even that most mutations, commonly result in monstrosi- 
ties or freaks. In fact, the commonest mutations are those with the smallest — 
direct effect on any one generation—the slight detrimentals. 

(3) Any radiation dose, however small, can induce some mutations. There 
is no minimum amount of radiation dose, that is, which must be exceeded be- 
fore any harmful mutations occur. 

(4) For every living thing—bacterium, fruit fly, corn plant, mouse, or man— 
there exist mutations which arise from natural causes (cosmic rays, naturally 
occurring radiations from radium and similar substances, and also from heat 
and certain chemicals). These naturally occurring, and hence unavoidable, 
mutations are usually called “spontaneous mutations.” 

Like radiation-induced mutations, nearly all spontaneous mutations with 
detectable effects are harmful. Hence these mutations tend to eliminate them- 
selves from the population through the handicaps or the tragedies which oc- 
cur because the persons bearing these mutants are not ideally fitted to survive. 

We all carry a supply of these spontaneous mutant genes. The size of 
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this supply represents a balance between the tendency of mutant genes to 
eliminate themselves, and the tendency of new mutants to be constantly pro- 
duced through natural causes. 

(5) Additional radiation (that is, radiation over and above the irreducible 
minimum due to natural causes) produces additional mutations (over and 
above the spontaneous mutations). The probable number of additional in- 
duced mutations occurring in an individual over a period of time is by and large 
proportional to the total dose of extra radiation received, over that period, 
by the reproductive organs where the germ cells are formed and stored. To 
the best of our present knowledge, if we increase the radiation by X%, the 
gene mutations caused by radiation will also be increased by X%. 

The total dose of radiation is what counts, this statement being based on 
the fact that the genetic damage done by radiation is cumulative. 

A larger amount of radiation produces a larger number of mutations. But 
within the limits of the radiation doses being considered in this report there 
is every reason to expect that these additional mutants would be of the 
same general sort as those produced by the natural background radiation. 
That is to say, mildly larger doses of radiation would produce more, but not 
worse, mutants. 

(6) From the above five statements a very important conclusion results. It 
has sometimes been thought that there may be a rate (Say, so much per week) 
at which a person can receive radiation with reasonable safety as regards 
certain types of direct damage to his own person. But the concept of a safe 
rate of radiation simply does not make sense if one is concerned with genetic 
damage to future generations. What counts, from the point of view of genetic 
damage, is not the rate; it is the total accumulated dose to the reproductive 
cells of the individual from the beginning of his life up to the time the child 
is conceived. 

What is genetically important to a child is the total radiation dose that child’s 
parents have received from their conception to the conception of the child. ‘Since 
this report necessarily deals with averages, the significant total dose period 
should be, at least approximately, the number of years that normally elapses 
from the conception of a person to the average time at which offspring are con- 
ceived. In the United States, based on 1950 data, the average age of fathers 
at the births of all children is 30.5 years, whereas the average age of both 
parents is 28.0 years. It therefore seems sensible for us to use the round figure 
of 30 years, especially since this figure is the one usually chosen to measure a 
generation. Using this 30-year figure for characterizing the “total reproductive 
life radiation dose” would have the result that about half of the total offspring 
would receive the possible effects of a smaller, and about half the possible effects 
of a larger, radiation dose. 

(7) The problems of defining and estimating genetic damage are very difficult 
ones. 

There are at least three different aspects which must be considered. The first 
aspect places emphasis on the risk to the direct offspring and later descendants 
of those persons who, from occupational hazard or otherwise, receive a radiation 
dose substantially greater than the average received by the population as a 
whole. 

The second aspect refers to the effect of the average dose on the population 
as a whole. 

The third aspect refers in still broader terms to the possibility that increased 
and prolonged radiation might so raise the death rate and so lower the birth 
rate that the population, considered as a whole, would decline and eventually 
perish. We are at present extremely uncertain as to the level of this fatal 
threshold for a human population. This is one reason why we must be cautious 
about increasing the total amount of radiation to which the entire population is 
exposed. 

These three approaches to the problem of genetic damage involve estimating 
the damage in successive generations and also the total damage in all genera- 
tions, due to an increase in the amount of mutation. The relative emphasis one 
places on these three aspects depends in part on whether one thinks primarily 
in terms of distress to individual persons, or whether one thinks in terms of the 
population as a whole. Necessarily involved is the contrast between manifest 
harm to a few, and less evident but no less unreal harm to many. AJso involved 
is the contrast between a more short-term and a more long-range point of view. 

One way of thinking about this problem of genetic damage is to assume that 
ali kinds of mutations on the average produce equivalent damage, whether as 
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a drastic effect on one individual who leaves no descendants because of this 
damage, or a wider effect on many. Under this view, the total damage is meas- 
ured by the number of mutations induced by a given increase in radiation, this 
number to be multiplied in one’s mind by the average damage from a typical 
mutation. 

Measuring total damage in terms of the number of mutations does indeed 
necessarily involve this concept of the average damage from a typical mutation, 
and some geneticists find this concept difficult and illusive. They would point 
out that mutations may be grouped in classes that differ, on a subjective scale, 
many thousand-fold in the amount of damage per mutation. As examples they 
would cite a mutation which results in very early death of an embryo (which 
might cause very little social or personal distress), and a mutation which results 
in severe malformation to a surviving child (which would cause very great per- 
sonal distress and which clearly involves a social burden). 

Rather than utilizing this concept of the average total damage per mutation, 
some geneticists prefer to start with a consideration of the tangible damage 
which occurs now, as a result of the current rate of mutation and get an index 
of damage by multiplying this by the ratio of the expected new mutation rate 
to the current one. This procedure, however, admittedly deals with only part of 
the total damage; so an alternative difficulty faces those who prefer this pro- 
cedure, namely the difficulty of estimating what part of the total damage they 
have dealt with. 

As an illustration of the first aspect, suppose that ten thousand individuals 
were exposed to a large dose of radiation, of the order of 200 r. Then perhaps 
one hundred of the children of these exposed individuals would be substantially 
handicapped, this being in addition to the number handicapped from other 
causes. In this case the connection with the radiation exposure could be estab- 
lished by a statistical study. 

As an illustration of the second aspect, suppose the whole population of the 
United States received a small dose of extra radiation, say 1 r. Then there. 
is good reason to think that, among a hundred million children born to these 
exposed parents, there would be several thousand who would be definitely 
handicapped because of the mutant genes due to the radiation, But these sev- 
eral thousand handicapped children might be, so to speak, lost in the crowd. 
Society might be more impressed by the one hundred more obvious cases of 
the preceding paragraph than by the more hidden several thousand cases of this 
paragraph. 

We should not disregard a danger simply because we cannot measure it 
accurately, nor underestimate it simply because it has aspects which appeal in 
differing degrees to different persons. Two conclusions seem to be clear and of 
importance: We should proceed with due caution as regards all agents which 
cause mutations; and we should vigorously pursue the researches which will in 
time give us a more precise way of judging all aspects of the risk. 


(X) SOME REMARKS ABOUT APPROXIMATE ESTIMATES 


Up to this point of the discussion the conclusions of the geneticist are pretty 
clear; the mutant genes induced by radiation are generally harmful, and the 
harm cannot be escaped. 

But as yet this report has not furnished much of a basis for converting these 
conclusions into practical advice. Remembering that we must eventually balance 
risk against risk, it is obviously desirable to try to learn, as definitely as circum- 
stances permit, the answer to the question: how great would be the genetic 
harm done by various doses of radiation? . 

Section XII of this report will respond to this question. But before giving 
the various replies, there should be some preliminary explanation concerning 
the nature of the answers given. 

Science, and particularly the branch which deals with the physical world about 
us, has succeeded in giving highly precise answers to many questions. When one 
talks about the velocity of light he does not need to say that it is something 
like three hundred thousand kilometers per second: he is justified in saying that 
it is 299,793 km. per second, and that the final integer is almost certainly not 
off by more than two units. 

But when you ask an experienced surgeon what your chances are of surviv- 
ing a serious operation, and if he answers “something like nine chances out of 
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ten,” then you accept that as a reasonable and helpful estimate. You do not 
distrust him because he gives you a rought estimate. Indeed you would have 
good cause to distrust him if he tried to give a highly precise answer. 

In other words, there are many situations in which science can give only 
rough estimates. These estimates can nevertheless be very useful. No one 
should disdain such an estimate because it is rough, nor should anyone consider 
such estimates unscientific. 

In Section XII there will be stated the results of certain approximate calcula- 
tions. The theory behind these calculations is on the whole well understood ; 
but it is seldom the case that one knows with much accuracy the numerical 
values that enter into the calculations. One may, for example, say, “I don’t 
know, in any direct measured sense, how many mutants would result if all the 
genes in a human fertilized cell received one roentgen of radiation. But using 
a pretty definitely known value for the mutation rate in certain genes of the 
mouse; and also knowing fairly well (in this case from experiments with fruit 
flies) how to pass from the measured rate for a few genes to the rate which 
probably applies to a germ cell as a whole; and then making the unfortunate 
but necessary assumption that these mouse and fruit fly figures apply reason- 
ably well to man—using this procedure I come out with estimates for the num- 
ber of mutants which would be produced in man by a given dose of radiation. 
Because of the uncertainties, I think it prudent to state not a single final 
result, but rather a range of result with estimated lower and upper limits. I 
wish that we had direct experimental evidence which would firm up this 
estimate. But I don’t have to be too apologetic, for a large amount of biological 
reasoning has been successfully based on this sort of procedure. Man differs 
widely from lower forms of life in all the obvious, and in many other, respects. 
But the fundamental processes inside cells tend to be curiously alike, from the 
simplest creature of a single cell, up to man.” 

It may turn out that the uncertainties in the quantities which enter the calcu- 
lation are so great that the resulting uncertainty in the final answer is itself 
so very broad that the calculation simply does not furnish a useful estimate. 
But it may also turn out that, despite some considerable uncertainty in the 
constituent factors, the answer can be stated with a range of uncertainty which 
is small enough so that the estimate is useful. 

It seems necessary to emphasize this matter of approximate estimation, so 
that no one will improperly conclude that a statement is unreliable because it 
involves a range of values. On the contrary, such a statement, when made in a 
situation like the present one, should be viewed as all the more dependable 
precisely because it does not pretend to an unwarranted accuracy, 


(XI) HOW MUCH RADIATION ARE WE NOW RECEIVING? 


Tf we are to talk about how harmful certain radiation doses may be, we 
should gain some idea of the amount of radiation we are already receiving from 
various sources. 

The Committee will release a report specially devoted to this particular subject, 
which summarizes in detail all the kinds, sources, and amounts of radiation. In 
the present report, only that minimum amount of information will be given which 

is necessary for our current discussion. 

Neglecting several minor contributions (all of which will be treated in ihe 
longer report), man is at present receiving radiations from the following: 


(1) Background Radiation 


This is the radiation which results from natural causes (cosmic rays, naturally 
occurring radium, ete.) not under our control. Each person receives on the 
average a total accumulated dose of about 4.3 roentgens over a 30 year period. 
At high altitudes this dose is greater, because of the increase of cosmic rays. 
Thus this background is as high as 5.5 r in some places in the United States. 


(2) Medical X Rays 


According to present estimates, each person in the United States receives, on 
the average, a total accumulated dose to the gonads which is about 3 roentgens 
of X-radiation during a 30 year period. Of course, some persons get none at all; 
others may get a good deal more. 
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(3) Fall-out from Weapons Testing 


The Atomic Energy Commission* is doing a technically competent and a 
socially conscientious job of measuring fall-out: but it does not follow from this 
that one can answer, with high precision, all questions about the biological risks 
involved. What they usually measure (which, technically speaking, is a beta- 
ray activity in air) has to be translated over into what is genetically important 
(namely, the gamma ray dose to the gonads). The estimation of the latter of 
these quantities from the former is a pretty complicated business. : 

Besides those just mentioned, there are certain further uncertainties in the 
fall-out values. The measurements are necessarily taken far apart, and there is 
known to be considerable local variation due to meteorological conditions and 
topography. The radioactive dust, when it settles out of the air, is subject to 
weathering, as when it is washed off of buildings by the rain and carried to 
locations where it may affect fewer persons. Also individuals inside houses, or 
other shelters, will be considerably less exposed than those in the open air 

Thus one cannot expect the figures on fall-out to be very precise ones. Wehave 
been informed that the AKC scientists are confident that the actual true dose 
figures are less than five times their stated estimates, and are also greater than 
one-fifth of these stated estimates. 

It should be noted that the figures on fall-out as stated by the Atomic Energy 
Commission make only a conservative correction for weathering and shelter; 
and thus their figures, at least in regard to this point, tend to overstate the danger 
rather than the opposite. . oe 

With these understandings, it may be stated that U. S. residents have, on the 
average, been receiving from fall-out over the past five years a dose which, ‘if 
weapons testing were continued at the same rate, is estimated to produce a total 
30-year dose of about one tenth of a roentgen ; and since the accuracy involved 
is probably not better than a factor of five, one could better say that the 30-year 
dose from weapons testing if maintained at the past level would probably: be 
larger than 0,02 roentgens and smaller than 0.50 roentgens, 

The rate of fall-out over the past five years has not been uniform. If weapons 
testing were, in the future, continued at the largest rate which has so far occurred 
(in 1953 and 1955) then the 30-year fall-out dose would be about twice that stated 
above. The dose from fall-out is roughly proportional to the number of equal 
sized weapons exploded in air, so that a doubling of the test rate might be 
expected to double the fall-out. baie F 

The figures just stated are based on all information now available from both 
the Atomic Energy Commission and the Armed Forces, and have been estimated 
as part of a study carried out for this Committee by Dr. John 8. Laughlin, Chief 
of the Division of Physics and Biophysics, Sloan-Kettering Institute, and Dr. Ira 
Pullman, loaned to this study by the Nuclear Development Corporation of Amer- 
ica. In their estimation correction has been made for weathering and shelter 
effects in accordance with the latest experimental data. 


(4) Atomic Power Plants 


As yet the general population has not received radiation from atomic power 
plants or from the disposal of radioactive wastes. These are future sources of 
radiation that might become dangerous. Pz 


(5) Occupational Hazards 


The preceding four points apply to everyone. Unless proper precautions are 
taken, persons who are close to equipment emitting X rays who are engaged in 
experimental work in atomic energy, who operate atomic plants, who test weap- 
ons, who mine or otherwise handle radioactive material, etc., are subject to the 
risk of greater radiation exposure during their work. 


(XII) HOW HARMFUL ARE RADIATION-INDUCED MUTATIONS ? 


As has already been indicated, there are various ways of estimating genetic 
harm, various attitudes which can be taken as to what is most serious and 
Significant. But this situation should not be allowed to confuse or conceal the 
massive fact that, by whatever chain of argument or reasoning, all geneticists 
come out with the same basic conclusions. 


’ Under the Department of Defense other measurements, relating to fall-out, are also 
being made. 
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(A) Thus the first and unanimous reply to the question posed by the title to 
this ‘section is simply this: Any radiation is genetically undesirable, since any 
radiation induces harmful mutations. Further, all presently available scientifie 
information leads to the conclusion that the genetic harm is proportional to the 
total dose (that is, the toal accumulated dose to the reproductive cells from the 
conception of the parents to the conception of the child). ‘This tells us that 
a radiation dose of 2X must be presumed to be twice as harmful as a radiation 
dose of X; but it still doesn’t tell us the amount of harm we would be doubling. 

(B) Second, we remember that mankind has for ages been experiencing, as 
the so-called spontaneous mutations, a certain rate of (generally harmful) 
mutations due to natural and uncontrolled causes (cosmic rays, heat, chemicals, 
ete.).: It is not entirely unnatural to think of this burden of mutations as a sort 
of “normal” burden on society.*. Therefore it seems to be illuminating to ask: 
how much additional “man-made” radiation will it take before this ‘natural’ 
amount of genetic mutation (to which we are at least in some senses adjusted) 
will be doubled? . 

The calculations which lead to an estimate of this “doubling dose” necessarily 
involve the rates of both spontaneous and radiation-induced mutations in man. 
Neither of these rates has been directly measured; and the best one can do is to 
use the excellent information on such lower forms as fruit flies, the emerging 
information for mice, the few sparse data we have for man—and then use the 
kind of biological judgment which has, after all, been so generally successful 
in interrelating the properties of forms of life which superficially appear so 
unlike but which turn out to be so remarkably similar in their basic aspects. 

In view of the inevitable uncertainties, it is rather surprising that the final 
estimates, as made by numerous specialists of this Committee and in other coun- 
tries, do not differ more than they do. The lowest figure which has been respon- 
sibly brought forward for the doubling dose is 5 r, and the largest estimates 
range up to 150 r or even higher. Recent work with mice (which are, after all, 
mammals) gives some basis for thinking that the doubling dose is not as high 
as 150 r. The experience in Japan gives some basis for thinking that the dou- 
bling dose is larger than 5 r. Indeed it is clear that the doubling dose must be 
at least as large as the background radiation (which is between 4 and 5 r, 
over 80 years, in the United States). This, in fact, would be the value of the 
doubling dose if spontaneous mutations were due to background radiation alone, 
heat and chemical agents making no contribution. 

Thus various arguments reduce the 5-150 r range, and several experienced 
geneticists have recently made estimates in the narrower range of 30 r to 80 r. 

In summary then of this particular point: Each individual, on the average 
inevitably experiences during his reproductive lifetime a certain number of 
harmful spontaneous mutations from natural causes. He would experience an 
additional equal number of harmful mutations if he received a certain dose of 
radiation during that same period. This is known as the ‘doubling dose.” The 
actual value of the doubling dose is almost surely more than 5 r and less than 
150 r. It may very well be from 30 r to 80r. 

The first portion of this (Section XII) said that twice as much radiation 
gives twice as much harm. This second portion goes a bit further. It says that 
something like 30 r to 80 r (or at a further extreme, 5 r to 150 r) of extra 
radiation dose would do mankind twice the harm it is now experiencing from 
spontaneous mutations. 

(C) The two preceding portions of this Section are clearly not really satis- 
fying.. They do indicate in quantitative terms how increases in radiation in- 
crease the harm. But anyone still wants to know in more specific terms, if 
possible, how serious is this harm that we may be doubling. If city traffic 
increases until the risk of crossing the street is doubled, then we will presuma- 
bly still cross the street; for the risk per crossing is, after all, a very small one. 
If highway traffic increases until the risk in taking a thousand-mile drive is 
San tee then many persons might well hesitate, for the risk is now unpleasantly 

igh. 

And this is the point at which it becomes most clearly evident that different 
hee: find meaningful rather different approaches to the problem of genetic 

amage. 

As has been stated previously, from one point of view the best index of 
genetic damage is the totality of tangible genetic defects of living individuals— 


“There is some basis for hoping that we may eventually be able to control at least a 
part of both spontaneous and radiation-induced mutations. 


93299°—57—pt. 2——54 


1844 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


fay such things as mental defects, epilepsy, congenital malformations, neuro- 
muscular defects, hematological and endocrine defects, defects in vision or 
hearing, cutaneous and skeletal defects, or defects in the gastro-intestinal or 
genitourinary tracts. Roughly 4-5% of all live births in the United States have 
defects of this sort; and of all of these, perhaps about half—or 2% of the 
total live births—have simple genetic origin and appear prior to sexual 
maturity. 

If mankind were subjected to a “doubling dose” of radiation, then the 
present level of 2% of such genetic defects would rise, and would eventually 
be doubled. More explicitly, consider the next one hundred million births in 
the United States. This is about the number of children that will, in the 
future, be born to the presently alive population of the United States. Of 
these 100,000,000 children, something like 2,000,000 will experience genetic 
defects of the sort listed, these resulting from the deleterious “spontaneous” 
mutant genes which have been induced by natural causes excluding man-made 
radiation. If we were to be subjected, generation after generation, to an addi- 
tional doubling dose of man-made radiation, then this present tragic figure of 
2,000,000 would gradually increase by 2,000,000 more cases, up to an eventual 
new total of 4,000,000. It would, to be sure, take a very long time to reach 
this equilibrium double value. Perhaps 10% of the increase, or 200,000 new 
instances of tangible inherited defect, would occur in the first generation. 

Since at various places this report considers a radiation dose of 10 r, it may 
be useful to state the tangible inherited defects from a dose of that size. A 
dose of 10 r would, on the above basis, give rise to some 50,000 new instances 
of tangible inherited defects in the first generation, and about 500,000 per 
generation ultimately, assuming of course an indefinite continuation of the 
10 r increased rate and also assuming a stationary population. 

These figures by no means measure ail of the genetic damage that would 
result from a doubling dose; but they do make tangible and impressive the 
fact that a doubling dose of radiation would cause real personal and social 
distress. 

(D) There is another way of looking at this problem of genetic damage, and 
that consists of trying to make some useful sort of really long-term, fully 
complete estimate. This consists of estimating the total number of mutant 
genes which would be induced in the whole present population of the United 
States and passed on to the next appearing 100,000,000 children, were this 
whole population to receive a certain total radiation dose to the gonads. In 
this instance we will use a dose of 10 r, since a dose of that magnitude ap- 
pears later in this report in the recommendations. Having estimated this 
total number of transmitted mutants induced by a dose of 10 r, one then can 
only say, when he wishes to translate this over into harm or damage, that 
each one of these mutants must eventually be extinguished out of the popula- 
tion through tragedy. This statement does, of course, not hold in the detailed 
sense that one thinks of tracmmg each individual mutant gene until the line 
which bears and transmits it is overcome by the accumulating handicaps it 
imposes. The statement holds only in a statistical sense. Some lines of 
mutant gene will die out merely through normal chance procedures of inheri- 
tance. Others will multiply through these same chance procedures. But these 
normal chance effects cancel out; and the statistical extinction of the mutant 
genes is accomplished only through tragedy. 

Concerning these estimates of total number of mutants, three things should 
be said. First, they are clearly not really satisfactory to any genetecist. Too 
much has to be assumed, too little is dependably known. 

Second, this kind of estimate is not a meaningful one to certain geneticists. 
Their principal reservation is doubtless a feeling that, hard as it is to esti- 
mate numbers of mutants, it is much harder still, at the present state of 
knowledge, to translate this over into a recognizable statement of harm to indi- 
vidual persons. Also they recognize that there is a risk involved in extrapolat- 
ing from mouse and Drosophila data to the human ease. 

Various remarks can, however, fairly be made in favor of this estimating 
attempt. Two largely independent methods lead to about the same results, 
and this increases one’s confidence. Although the extreme ranges of the esti- 
mates differ widely, the mean estimate for any one geneticist is not very dif- 
ferent from, the mean for any other. Even the “guessing” which is involved 
hardly deserves that name, for it is based on long years of experience. 
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So that the final thing that should be said is that in spite of all the difficul- 
ties and complications and ranges in numerical estimates, the result is never- 
theless very sobering. 

Six of the geneticists of this committee considered the following problem: 
suppose the whole population of the United States received one dose of 10 roent- 
gens of radiation to the gonads. What is the estimate of the total number of 
mutants which would be induced by this radiation dose and passed on to the next 
total generation of about one hundred million children? Each geneticist cal- 
culated what he considered to be the most probable estimate, and then bracketed 
this by his minimum and maximum estimates. Each thus said, in effect: “I 
feel reasonably confident that the true value is greater than my minimum esti- 
mate and less than my maximum, My best judgment, as stated in a single figure, 
is what I have labelled the most probable estimate.” 

The most probable estimates as thus calculated by the six geneticists do not 
differ widely. They bunch rather closely around the figure 5,000,000. Four of 
the six estimates are very close to that figure, and the other two ‘differ only by 
a factor of 2. 

These six geneticists concluded, moreover, that the uncertainty in their esti- 
mation of the most probable value was about a factor of 10. That is to say, 
their minimum estimates were about 1/10, and their maximum estimates about 
10 times ‘the most probable estimate. 

This calculation assumes a stable value for the total population. This cal- 
culation is admittedly somewhat complicated and disappointingly vague. It 
is, to some geneticists, not a very meaningful way of looking at the problem. 
To others it adds up to something at least reasonably clear, and in any event very 
serious. 

(XIII) FALL-OUT 


There has been concern about the possible genetic harm due to the fall-out 
of radioactive material which results from the testing of atomic weapons. 
Certain aspects of this problem will be discussed in the reports of the other 
committees of this study (fall-out on grazing and cropland; fall-out in the 
sea and possible concentration in marine organisms; the distribution of fall-out 
material by the winds and in the upper atmosphere; possible pathological dam- 
age due to long-lived isotopes built into our bones; etc.). The present com- 
ments relate only to the question of genetic damage. 

From the point of view of this Committee there are two summary remarks that 
should be made. First, since any additional radiation is genetically undesir- 
able the fall-out dose is genetically undesirable. 

Second, the fall-out dose to date (and its continuing value if it is assumed that 
the weapons testing program will not be substantially increased) is a small 
one as compared with the background radiation, or as compared with the 
average exposure in the United States to medical X rays. 


(XIV) RECOMMENDATIONS 


In light of the considerations which have been reviewed by this Committee, 
and which have been, at least in major outline, summarized in this report, 
this Committee has several recommendations. . 

These recommendations should all be interpreted in the light of the basic 
fact that any additional radiation is genetically undesirable. ‘Therefore our 
society should hold additional radiation exposure as low as it possibly can. If 
certain figures (such as 10 roentgens) occur in a recommendation, it should most 
emphatically not be assumed that any exposure less than that figure is, so to 
speak, “all right’: nor should it be for a moment assumed that disaster will 
suddenly descend if one of these figures is exceeded. 

In any case in which a figure is stated, it is with the idea: stay just as far 
under this as you can; do not consider that this is an amount of radiation 
which is genetically harmless, for there is no such figure other than zero. 

Opposing the fact that any further radiation is genetically bad is the practical 
fact that further radiation, from certain sources at least, is probably in- 
evitable.. The factors which argue for an increase in radiation are not genetic, 
and should obviously be appraised by a group much more representative than 
this Committee. Thus our recommendations will have to be evaluated by 
others, who must decide what decisions society should or must make. As genet- 
icists we say: keep the dose as low as you can, 
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Thus we recommend: 

(A) That, in view of the fact that total accumulated dose is the genetically 
important figure, steps be taken to institute a national system of radiation ex- 
posure record-keeping, under which there would be maintained for every in- 
dividual a complete history of his total record of exposure to X rays, and to all 
other gamma radiation. This will impose minor burdens on all individuals of 
our society, but it will, as a compensation, be a real protection to them. We 
are conscious of the fact that this recommendation will not be simple to put 
into effect. 

(B) That the medical authorities of this country initiate a vigorous movement 
to reduce the radiation exposure from X rays to the lowest limit consistent with 
medical necessity ; and in particular that they take steps to assure that proper 
safeguards always be taken to minimize the radiation dose to the reproductive 
cells. 

(C) That for the present it be accepted as a uniform national standard that 
X-ray installations (medical and nonmedical), power installations, disposal of 
radioactive wastes, experimental installations, testing of weapons, and all other 
humanly controllable sources of radiations be so restricted that members of 
our general population shall not receive from such sources an average of more 
than 10 roentgens, in addition to background, of ionizing radiation as a total 
accumulated dose to the reproductive cells from conception to age 30. 

(D) The previous recommendation should be reconsidered periodically with 
the view to keeping the reproductive cell dose at the lowest practicable level. 
If it is feasible to reduce medical exposures, industrial exposures, or both, then 
the total should be reduced accordingly. 

(E) That individual persons not receive more than a total accumulated dose 
to the reproductive cells of 50 roentgens up to age 30 years (by which age, on 
the average, over half of the children will have been born), and not more than 
50 roentgens additional up to age 40 (by which time about nine-tenths of their 
children will have been born). 

(F) That every effort be made to assign to tasks involving higher radiation 
exposures individuals who, for age or other reasons, are unlikely thereafter 
to have additional offspring. Again it is recognized that such a procedure will 
introduce complications and difficulties, but this committee is convinced that 
society should begin to modify its procedures to meet inevitable new conditions. 


(XV) CONCLUDING COMMENTS 


The basic fact is—and no competent persons doubt this—that rediations 
produce mutations and that mutations are in general harmful. It is difficult, 
at the present state of knowledge of genetics, to estimate just how much of what 
kind of harm will appear in each future generation after mutant genes are 
induced by radiations. Different geneticists prefer differing ways of describing 
this situation: But they all come out with the unanimous conclusion that the 
potential danger is great. 

This report recommends that the general public of the United States be pro- 
tected, by whatever controls may prove necessary, from receiving a total repro- 
ductive lifetime dose (conception to age 30) of more than 10 roentgens of man- 
made radiation to the reproductive cells. Of this reasonable (not harmless, 
mind you, but reasonable) quota of 10 roentgens over and beyond the inevitable 
background of radiation from natural causes, we are now using on the average 
some 8 or 4 roentgens for medical X rays. This is roughly the same as the 
unavoidable dose received from background radiation. It is really very sur- 
prising and disturbing to realize that this figure is so large, and clearly it is 
prudent to examine this situation carefully. It is folly to incur any X ray 
exposure to the gonads which can be avoided without impairing medical service 
or progress. 

The 10 roentgen recommendation applies in an average sense to the population 
as a whole. We also include a recommendation concerning the upper limit 
of exposure that any one individual should receive. These limits would of 
course apply to persons whose occupations involve radiation exposure, but they 
are intended as broad and uniform regulations which apply to any and every 
individual. 

The fall-out from weapons testing has, so far, led to considerably less irradia- 
tion of the population than have the medical uses—and has therefore been less 
detrimental. So long as the present level is not increased this will continue to be 
true; but there remains a proper concern to see to it that the fall-out does not 
increase to more serious levels. 
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One important lesson which results from this study is the following: The 
present state of advance in atomic and nuclear physics on the one hand, and 
in genetics on the other hand, are seriously out of balance. We badly need to 
know much more about genetics—about all kinds and all levels of genetics, from 
the most fundamental research on various lowly forms of life to human radia- 
tion genetics. This requires serious contributions of time, of brains, and of 
money, Although brains and time are more important than money, the latter 
is also essential; and our society should take prompt steps to see to it that 
the support of research in genetics is substantially expanded and that it is 
stabilized. 

We ought to keep all of our expenditures of radiation as low as possible. 
Of the upper limit of 10 roentgens suggested in Recommendation ©, we are at 
present spending about one third for medical X rays. We are at present spending 
less—probabiy under one half a roentgen—for weapons testing. We may find 
it desirable or even almost obligatory that we spend a certain amount on atomic 
power plants. But we must watch and guard all our expenditures. From the 
point of view of genetics they are all bad. 


WARREN WEAVER, Chairman C. C. Litre 
GEORGE W. BEADLE H. J. MuLyLer 
JAMES F. Crow JAMES V. NEEL 
M. DEMEREC W. L. RUSSELL 

G. FAILLA T. M. SonNEBORN 
H. BentLteEyY GLAss A. H. STurTEVANT 
ALEXANDER HOLLAENDER SHIELDS WARREN 
BERWIND P. KAUFMANN SEWALL WRIGHT 


SUMMARY REPORT OF THE COMMITTEE ON PATHOLOGIC EFFECTS 


Appreciation of the pathologic effects of radiation on man has required of this 
Committee and its subcommittees, consideration of voluminous experimental 
work on animals, as well as such direct data on human beings as are available. 
When the results of controlled experimental studies are considered in the light of 
the humar. data, it is found that the sequence of pathological changes is indeed 
quite similar in man and in animals, although man has certain definable peculiari- 
ties of response. 

The human data include: 

Results of excessive exposure to X-rays and radium in the early days; 

Results of more moderate exposure to different forms of radiation, as expert- 
enced by cyclotron workers ; 

Results of introduction of naturally occurring radioelements into the body, 
notably radium preparations and thorotrast; 

Effects of exposure at Hiroshima and Nagasaki; 

Observations on populations irradiated by fallout; 

Additional observations from clinical radiotherapy, use of artificial isotopes 
in therapy, a very limited number of accidents in atumic energy work, and certain 
statistical surveys of large groups. 

Experimental work covers the whole field and includes studies of acute and 
chronic effects on many species of animals. 

Certain human effects have to be assumed from consideration of experimental 
knowledge: for example, early effects of high doses to the central nervous system, 
and results of absorption of most of the artificially produced isotopes, and it 
is fuir to say that the lethal dosage of penetrating radiation for man is less well 
known than for many other species. 

Radiation has been added to the means of production of casualties in warfare. 
Not only can radiation cause death or immediate, or delayed injury by itself, 
but exposure to it intensifies the seriousness of burns or other injuries, The 
acute lethal dose for half of a given population is in the range of 400 to 600 r. 

Despite the existing gaps in our knowledge, it is abundantly clear that radia- 
tion is by far the best understood environmental hazard. The increasing con- 
tamination of the atmosphere with potential carcinogens, the widespread use 
of many new and powerful drugs in medicine and chemical agents in industry, 
emphasize the need for vigilance over the entire environment. Only with 
regard to radiaion has there been determination to minimize the risk at any 
cost. 
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It appears, however, that a fairly clear general picture of human radiation 
effects can be presented. Members of this group and of its subpanels, while 
recommending various points of departure for greater consideration and further 
research, were in no case of the opinion that any sort of “crash program” would 
be desirable or profitable. 

The various means whereby persons may be overexposed to radiation will 
have a great deal of influence on the over-all effects. For example, the exposures 
at Hiroshima and Nagasaki and a few exposures in accidents in atomic energy 
plants, involved radiation to the whole body in which the clinical effects reflected 
mainly injury to the blood-forming tissues and intestinal tract. These tissues 
are very sensitive to radiation but have a great power of recovery. 

Where, on the other hand, exposure has been suffered at a relatively low 
level from time to time over a period of years, a variety of injurious effects 
may be encountered, such as leukemia and skin cancer. Among those who have 
adhered to present permissible dose levels, none of these effects have been 
detected. 

Shortening of life span may result from exposure to radiation not only as 
a consequence of damage to a Specific tissue, as seen in the development of skin 
cancer and leukemia, but also as a result of such general factors as lowered 
immunity, damage to connective tissue, or premature aging. Older members 
of the populations seem to be more sensitive to this nonspecific damage. The 
shortening of life correlates roughly with dose of radiation, but has not yet 
been demonstrated at low doses. The following table indicates life shortening 
in radiologists, who may well have received doses in the course of their occu- 
pation ranging from very slight to about 1000 r. 


Average age at death 


Years 
Physicians having no known contact with radiation______________________ 65. 7 
Specialists: having some exposure to radiation (dermatologists, urolo- 
Pints, ete.) LUOU OT 2 SOE eRe TO) BOOT ON08S Sil ee. S711 63.3 
Radiologists 282205 2) Ves TG BB 22 Boe BS LETH BS Teles 60. 5 
U. 5: population ‘over 25 years ofJagel lise 27> ee Os es 2 ee ee as 65. 6 


Shielding of even a portion of the body from radiation lessens the effect out 
of proportion to the relative amount of tissue protected. Therapeutic radiation 
to a single portion usually is much greater than the lethal level of total body 
radiation. . 

Radiation may have its prominent effects in particular parts of the body 
when it is applied locally, and this may take place in two ways. First, an 
external source may be so handled as to direct its radiaion to a particular 
part; in this way many of the early radiologists suffered acute or chronic 
injury to the hands, which has also occurred in more recent atomic energy 
accidents. 

In the second instance, a radioactive substance may be taken into the body 
and deposited where it is a source of constant local irradiation until it is 
eliminated. Bone disease in radium workers and lung disease in miners of 
radioactive ores (both leading to cancer as a late development) are well-known 
examples of this mode of exposure. It is worth noting that the atomic energy 
industry, through diligence, has apparently avoided exposures leading to this 
type of injury. 

It is thus characteristic of the radiations that their effects may manifest 
themselves not only immediately, but perhaps only after a long period of inter- 
mittent radiation, or may even be long delayed after a single exposure. One of 
the particular tasks of the panel has been to see all of these effects in a common 
perspective. They will be discussed here in terms of the effects of radiation on 
the important organs and tissues of the body, sinee it is a well known fact 
that some are more readily injured by radiation than others, and that injury 
to some has more serious consequences than to others. 

Among the more serious effects of radiation are those on the blood, since. the 
vital blood forming organs are particularly sensitive to radiation injury. The 
white blood cells are decreased in number soon after radiation, and in fatal cases 
they almost disappear before death. Other acute changes in the blood give rise 
to disorders in the clotting mechanism and a bleeding tendency, and the forma- 
tion of antibodies against infections is impaired. These changes lead to acute 
illness in the second week (perhaps a little later in man), heralded by decrease 
in the white cells. 
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In the next few weeks anemias may occur due to deficiencies in red blood 
cell formation and survival. ‘Those victims living through the first month 
usually recover, but in certain individuals, or where radiation is continued, 
there is a further serious breakdown of blood cell formation. 

Some late effects of radiation appear as leukemias, which are found to arise 
a few years after radiation. This disease, relatively rare in man, may show 
manifold increase in persons subjected to a nearly fatal single dose (Hiroshima 
data) or in those whose professional work has exposed them to higher than 
acceptable permissible dose rates. 

Effects on the intestinal tract are also critical in the early period. Vomiting 
and diarrhea occur within a few hours. This is a common complication of X-ray 
treatment to the abdomen, but is not fatal. It seems to be mediated through 
the vegetative nervous system and is probably not related to later damage. 

Within a few days (usually four or five) after radiation, more serious effects 
occur. Failure of the cells lining the intestine to replace themselves results in 
denudation of the surface, with intractable loss of fluid and salts; complicated 
by ulcerations, spread of infection, and bleeding. 

Late effects are seen after heavy radiation therapy, and resemble those seen 
in some other heavily irradiated tissues: overgrowth of connective tissue 
(fibrosis) and decrease in the number of functioning epithelial cells. Cancer 
has occurred in animals given overwhelmingly large doses of isotopes in insoluble 
‘form by mouth. 

Effects of radiation on skin have been widely observed. On the first day an 
erythema, resembling that of sunburn, appears but is transitory. A few days 
later a somewhat more persistent erythema occurs which may be associated 
with pigmentation. Ulceration may occur in this period after high doses. Much 
later, atrophic changes are seen, with marked deficiency of the blood supply 
and intractable ulceration; such a chronically damaged skin is a fertile bed for 
cancer development. The Marshall Island group, while receiving total body 
radiation insufficient to produce serious changes, had rather marked secondary 
skin lesions from direct contact with fallout material. Slight local vascular 
changes have been observed after two years, but serious after effects are not 
anticipated. Falling of hair was temporary in these persons; heavy dosages 
are required to make it permanent. In animals, destruction of the pigment 
cells causes regrown hair to be white, but such loss of pigment seems not to 
take place in men under comparable conditions. _ 

Bone: Harly radiation effects are not of note, except that retardation of 
growth of epiphyses of immature bones occurs and may produce serious results 
in children given local radiation therapy. Late effects are seen in radium poison- 
-ing, where we see repeated destruction and repair, culminating in widespread 
destructive changes in which bone sarcoma is likely to appear. 

Lung: Harly after large doses we see congestion and increased secretion. 
Here, again, the late-appearing changes are of greatest importance: fibrosis, 
and development of cancer, which has been very common in mining areas where 
large concentrations of radon gas were inhaled. 

Thyroid: An early and persistent effect is depression in secretory activity, 
which is used as the basis of the radioiodine therapy of hyperthyroidism. No 
serious late local effects of thyroid radiation in adults have been recorded, 
although some leukemias have followed heavy radioiodine treatment. A small 
proportion of children treated with X-ray to the upper part of the body, how- 
ever, develop thyroid cancer later on, suggesting a specially high sensitivity of 
the. child’s thyroid. 

Hye: The only noteworthy lesion is cataract of the lens, which is a late re- 
sponse. It is much more readily produced by neutrons than by X-rays, there- 
fore, has been most prominently observed in cyclotron workers. 

Gonads: A. single sublethal radiation dose to a male may result in sterility 
after two to three weeks, followed by a slow recovery. Chronic treatment results 
in a gradual reduction in number, motility and viability of sperm. This is the 
most sensitive indicator of chronic damage so far observed, being measurable 
in dogs at ten times the permissible dose rate. Larger doses (about equal to the 
total-body lethal dose) permanently sterilize males and females. Experience 
with the Marshall Islanders, the exposed Japanese, and certain accident cases 
indicate that total body doses up to about 40-50% of the lethal have no perma- 
nent effect on human fertility. 

Central Nervous System: Observations in man are quite limited. Very high 
doses given to animals result in loss of coordination and excitement soon after 
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irradiation. At later stages, various effects are seen which indicate sensitivity of 
particular cells and areas. 

Effects on Embryos: Treatment of embryos at various stages of development 
may lead to highly specific malformations depending on the exact developmental 
stage at the time of irradiation. At critical stages, relatively low dosages (those 
permitting survival of the mother) may cause serious malformations. ‘These 
changes must be distinguished from genetic mutations, as one is often tempted 
to call abnormal offspring mutations. The type of malformation discussed here 
would not perpetuate itself genetically, and would result from radiation during 
gestation. 

It must also be remembered that there are various other agents causing mal- 
formations during development, of which German measles is a well-known 
example. 

A few factors influencing sensitivity might be mentioned. Very young or very 
old animals have increased sensitivity to lethal effects. Growing tissues are 
generally more readily damaged. States like hibernation delay the appearance 
of radiation damage but do not prevent it. Moderate stresses seem not to effect 
sensitivity but Severe ones such as burns or exhausintg exercise, have a dele- 
terious influence, augmenting sensitivity. 

Local radiation in sufficient amount to almost any part of the body may produce 
cancer, the chance of tumor development being somewhat related to dose. Since 
the cancer cell is an altered type of a normal tissue cell, it has often been sug- 
gested that cancer is a somatic mutation, like a genetic mutation but arising in a 
tissue cell which perpetuates the character by its growth. 

All types of induced and spontaneous tumors appear not to arise at once, but 
to pass through a serious of preliminary stages; and radiation induced tumors 
take a particularly long time to develop. Radiation induced cancer occurs in 
the absence of a generally abnormal state of the tissue of origin. Mouse experi- 
ments show that shielding of a part of the body will prevent radiation leukemia 
and that shielding of one ovary will prevent tumor from developing in the other; 
and several of the tumors appearing late after irradiation seem to be produced 
in response to indirect mechanisms. If somatic mutation is a necessary part of 
the induction of cancer, it would seem to play a minor role. 

We have so far considered effects of overdosage of radiation in various forms, . 
The question must necessarily be considered, ag to whether much smaller amounts 
of radiation harmless to individuals, might be deleterious to large populations. 
Because of the striking difference of germinal and somatic cells the former 
carrying on from generation to generation injuries received, the Genetics Com- 
mittee has recommended for large populations permissible dose levels of radiation 
lower than those which are safe for any one generation. As the permissible dose 
level which they have hypothesized ag desirable for large populations were 
to be applied there would be no demonstrable somatic effect, although a theo- 
retical minor shortening of life span could not be ruled out. : 

As regards internal contamination, independent data on Rongelap inhabitants 
and Japanese fishermen indicate that a considerable proportion of the lethal 
dose of external radiation was received by individuals who barely exceeded, and 
only for a short period, the permissible internal burden. 

The only situation worth considering in relation to large-scale pathologic eflects 
would then be widespread contamination with Strontium-90, which is a long-lived 
(half life 10,000 days) readily absorbed, bone-seeking isotope which tends to fall 
out generally over the earth rather than in accordance with the usual close or 
intermediate fallout pattern. It has already been found that some young indi- 
viduals have retained 0.001 microcuries or one-thousandth of the permissible 
dose. This amount if maintained through life would yield 0.2 rep (equivalent 
r) to the skelton. 

In developing an unequivocally safe amount, we can recall that a certain degree 
of radiation exposure has always been with us, even excluding X-rays, in the 
form of gamma radiation from minerals, cosmic rays, and radioelements normally 
in the body. These levels vary greatly from one location or altitude to snother 
and are not considered to produce harmful effects. 

There seems no reason te hesitate to allow a universal human strontium (very 
similar chemically to calcium) burden of 1/10 of the permissible, yielding 20 
rep in a lifetime, since this dose falls close to the range of values for natural 
radiation background. Visible changes in the skelton have been reported only 
after hundreds of rep were accumulated and tumors only after 1500 or more, 
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- In relation to world-wide contamination, food chains are important. Fallout 
contaminates plants through ground and leaf deposition; animals eat these 
plants. Because in fact milk and cheese are human sources of radiostrontium, 
being high in calcium. Throughout this chain, strontium is discriminated against 
relative to calcium, which reduces the hazard somewhat. It must be remem- 
bered that in regions where soil and water are low in calcium, calcium and stron- 
tium will be more readily taken up. 

As to therapy of radiation injury: while treatment is difficult, some success 
has been achieved with antibiotics and properly timed blood transfusions. 
Shielding of a portion of the body appears to give a degree of protection dispro- 
portionately large for the mass shielded. Experiments set up to explain this 
fact may help in developing a rational treatment. Also, various forms of treat- 
ment given immediately before radiation have been devised, but do not appear in 
any sense practical. Studies of this sort may, however, provide a basis for future 
discoveries. 

Because of the nature of this report, specific recommendations regarding needed 
research are omitted here, but will be published later when the subcommittee re- 
ports and other appendices are published in full, 
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SUMMARY REPORT OF THE COMMITTEE ON METEOROLOGICAL ASPECTS OF 
THE EFFECTS OF ATOMIC RADIATION 


CHAPTER I, DEBRIS FROM NUCLEAR TESTS 

A. Introduction 

Nuclear weapons produce atomic clouds which rise to heights dependent prin- 
cipally upon the energy released and also on the type of burst (air, surface, un- 
derground, etc.). Weapons in the kiloton range leave most of their radioactive 
debris in the troposphere, while megaton weapons are powerful enough to inject 
significant quantities of radio-active material into the stratosphere. Once the 
debris is injected into the atmosphere, it is rapidly spread over the earth: by 
atmospheric processes, and eventually deposited on the surface of the earth, in a 
complex manner. Among the many problems are included: the way in which 
debris is mixed and transported by the atmosphere, both vertically and hori- 
‘gontally, the mechanism of removal from the troposphere and deposition on the 


ground, and the rate of penetration from the stratosphere through the tropopause 


and into the troposphere for eventual removal. ‘ 

1. Categories of fallout.—The problem of the removal of radioactive debris 
from the atmosphere and its deposition in the biosphere may be divided into 
three phases: (1) Early or “close-in” fallout, that which occurs within the first 
ten to twenty hours following a nuclear explosion; (2) Intermediate fallout, that 
which occurs during the first weeks following the burst; and, (3) Delayed fallout, 
the slow removal of small particles which may continue for months and even 
years, particularly after a high-yield thermonculear explosion, 

The principal mechanisms by which the removal occurs are gravitational 
settling, scavenging of radioactive particles by falling precipitation, and deposi- 
tion by diffusion resulting from the everpresent turbulent eddies of the atmos- 
phere. Although all principal mechanisms of removal play a role in each phase 
of the fallout, the primary emphasis shifts from gravitational influences in the 
early fallout to precipitation scavenging in the intermediate phase to an as yet 
poorly understood combination of diffusion and scavenging in the delayed fallout. 

2. Measurements.—The most direct measurement of radioactive deposition is 
that made from the soil since it represents the main natural surface onto which 
- the particles fall. Difficulties arise from the fact that rain may remove some of 
the activity by runoff or soaking deeper into the ground. As a measure of the 
true radioactivity on the ground in determining plant or animal intake of stron- 
tium 90, for example, soil sampling is obviously the most acceptable solution. 
But, for an accounting of the amount which has been deposited, the soil analysis 
may be unsatisfactory if the sampling is performed, at say, yearly or multi- 
_ yearly frequency. Soil sampling on a frequent basis may be impractical. 

Measurement of radioactivity by use of hand monitoring equipment is standard 
practice in areas where the radioactive deposition is significantly above normal 
background. This kind of observation is:almost entirely useless’ outside of the 
areas of close-in fallout. 
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For daily, weekly or monthly fallout collections, the New York Operations 
Office of the Atomic Energy Commission recommends the use of a one-square-foot 
Sheet of gummed film mounted horizontally on a stand three feet above the 
ground. An extensive, world-wide network of daily gummed film collection at 
about 250 locations has been operated by the Atomic Energy Commission for 
several years. 

Finally, since there is evidence that much of the radioactivity deposited out- 
side of the close-in area is brought down in precipitation, the collection of whole 
water samples is a method of obtaining the radioactivity of particles. 

Air concentration.—Measurement of air concentration near the earth’s surface 
has been achieved by a variety of sampling procedures. Filtration equipment of 
many types has been successfully employed, but the efficiency of the filter material 
for various particle sizes, particularly in the sub-micron range, must be deter- 
mined before quantitative interpretation of the data can be made. 

The fact that the upper atmosphere contains significant atomic debris has been 
known for several years. Sampling of the upper air by aircraft has been achieved 
by using the motion of the aircraft to pass air through a filter paper. The British 
report the presence of fission products at the peak altitude of their aircraft, 
48,000 feet. The Japanese have measured the radioactivity by carrying aloft 
Geiger counters on balloons. By subtracting the cosmic ray counts from the total, 
the remainder is ascribed to fission products. American scientists do not view 
a RrReanES with favor for the low levels of radioactivity found over most of 

e world. 

Instrumentation for the measurement of radioactivity by its effects on the 
electrical properties of the atmosphere also are of use only in those regions where 
the fission product concentrations are comparatively high. 

B. Close-in fallout. 

1. Description.—Close-in fallout is the radioactive material from an atomic 
explosion which is deposited on the ground within a few hundred miles of ground 
zero, and which is down in some ten to twenty hours. godt 

There is a fundamental difference between the fallout from an atomic device 
detonated at the ground and the fallout from one detonated so high that the fire- 
ball does not touch the ground. In the case of the surface burst, large quantities 
of surface material are broken up, melted, and even vaporized, and some of this 
material comes in intimate contact with the radioactive fission products. Then, 
after the atomic cloud has stopped rising and the violent updrafts associated with 
the explosion have subsided, the larger and heavier particles start falling back to 
the ground. The result is an area around ground zero and extending downwind 
which is covered in a more or less systematic way with radioactive particles. 

In the case of an air burst in which the white-hot fireball never reaches the sur- 
face, the radioactive fission products never come into close contact with the sur- 
face material; they remain as an exceedingly fine aerosol. At first sight this 
might be thought to be an oversimplification, since there: have been many cases in 
which the fireball never touched the ground, but the surface material was ob- 
served to have been sucked up into the rising atomic cloud. Actually, however, 
in such cases a survey of the area has shown that there has been a negligible 
amount of radioactive fallout on the ground. Though tons of sand and dust may 
have been raised by the explosion, they apparently did not become contaminated 
by fission products. 

Experience has shown that an atomic device exploded on the surface distributes 
about 70-80 percent of its fission products on the ground within a few hundred 
miles of the burst point. A somewhat larger percentage will take part in the 
close-in fallout from an underground burst, and a smaller percentage will be 
scavenged from a near-surface burst or tower shot. 

In order to make a quantitative study of the manner in which close-in fallout 
occurs, one must have a knowledge of the following parameters: wind structure, 
yield and height of burst, and kind of surface. 

As each particle falls, it is carried horizontally by the wind at each level. The 
time during which it is falling through a given layer is inversely proportional to 
its rate of fall. Thus its horizontal travel during its entire fall from an initial 
height can be expressed as a summation of its horizontal travel in each layer. 
The rates of fall of atomic particles vary with particle size, shape, density, as 
well as the altitude. | 

Although no experimental information is available on the effects of precipita- 
tion during this initial stage of the atomic cloud, it is evident that significant de- 
position can occur from this cause. However, the effect would be most marked 


1854 RADIOACTIVE FALLOUT AND ITS: EFFECTS ON MAN 


from smaller yield bombs, since the bulk of the debris from larger bombs rises 
well beyond the rain-bearing strata. 

2. Height and size of the atomic cloud at the time of stabilization. —It i is evident 
that the physical size of the atomic cloud will have an effect on the distribution 
of the close-in fallout. The height to which the debris is carried will determine 
how far downwind a given particle size will drift, and the horizontal extent will 
serve to spread the fallout over alargerarea. . 

In the first few seconds following an atomic detonation, the fireball grows 
rapidly, until the pressure inside the fireball is roughly that of the ambient air. 
At this point its temperature is still many thousands of degrees higher than 
that of the atmosphere around it, so it is much less dense, and the buoyancy of the 
atmosphere forces it to rise. However, it does not necessarily rise like a hot 
“bubble” or balloon, but in most cases, it develops a strong toroidal internal cir- 
culation and rises in the form of a smoke ring. 

As the smoke ring rises, its internal circulation draws air in at the bottom 
and incorporates this new air into the cloud. The result is a very large growth 
in the size of the cloud as it rises, due mostly to the entrainment of the air 
from each level through which it passes. 

It is clear that the cloud will gradually cool during its rise, due to radiation, 
the entrainment of the outside air and adiabatic expansion. When the mean 
temperature inside the cloud is the Same as that of the ambient air at the same 
level, there will be no further buoyancy and the cloud as a whole will cease ris- 
ing. However, at this point the kinetic energy of the toroidal circulation may 
still be considerable. -For devices with yields of a few kilotons, the smoke ring 
circulation breaks up at about the same time that it reaches its point of stabiliza- 
tion, but for devices in the megaton range this toroidal circulation continues to 
pump air in at the bottom for ten to twenty minutes. 

The net result of this pumping action after stabilization is a significant in- 
crease in the horizontal size of the atomic cloud, since the air which is drawn 
in at the bottom is forced out radially. Observations of this.effect in the case 
ef megaton devices are hindered by the fact ‘that the structure of the cloud 
becomes confused. 

The atmospheric stability will vary with season and latitude, and this ac- 
counts, in part, for the difference between the altitude of a cloud detonated in a 
tropical atmosphere and one of the same yield in a middle-latitude winter at- 
mosphere. The most noticeable difference between these two regimes is the 
height of the tropopause. 

3. Distribution of radioactivity within the cloud.—Since it is difficult to ob- 
tain enough samples of the radioactive debris while it is still within the cloud 
to determine its initial distribution, the most reliable estimates of this distri- 
bution have been based on the observed fallout and a reconstruction of what 
this initial distribution must have been. 

It is clear from the observations of the rising cloud that almost all of the 
lighter debris is carried aloft in the smoke ring cloud. Apparently a certain 
fraction of particles are large enough to-be thrown out of. this ring, and these 
are left behind in the stem. However, in the stem there are violent updrafts 
for the first few minutes, so all but the very large particles will continue to be 
carried aloft. 

For a surface or near-surface burst, the type of terrain must have a significant 
influence on the particle size and activity distribution within the cloud. 

4. Prediction of close-in fallout.—At the outset it would be well to state what 
use can be made of a prediction of the fallout area from an atomic burst. At 
the risk of oversimplifying the case, here are some of the pertinent factors: 

Wind observations, now almost invariably made with sounding bal- 
loons, give winds which are not entirely representative of the winds which 
will affect the falling atomic debris. This is because winds change with 
time and place and because wind observations, as all meterologists recog: 
nize, are subject to a certain. amount of error. Forecast winds, by the 
same token, are usually even further in error. A number of studies have 
been made of this subject. For example, a recent study by the Air Weather 
Service indicates that mean vector errors in 24-hr forecasts range from 
about 60 percent of the observed wind at middle altitudes to over 70 percent 
of the observed wind at 100 mb (about 53,000 ft.). These mean vector 
errors correspond to wind errors of 18 to 29 knots. It is perhaps significant 
that these forecast errors at the higher levels (40,000-55,000 ft.) are about 
the same as the root-mean-square deviation of the wind from the mean 
wind, and at lower levels (about 20,000 ft.) the 24-hr forecast error is about 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN’ 1855 


half that of the normal climatological deviation. If one had to rely on 
forecasts 24-hrs old, he would be just about as well off if he used climato- 
logical data or persistence in computing the fallout. 

The mushroom cloud from a multi-megaton device may rise entirely above 
the normal coverage of our radiosonde and RAWIN network, since it is 
generally considered impractical to plot and analyze current weather data 
at levels above 100 mb., or about 53,000 ft. Thus, unless special efforts are 
made there will simply be no wind data at all for the winds which will affect 
the debris during the first part of their fall. The effects of vertical motions 
in the atmosphere, possibly including currents arising from bomb-produced 
fires, may also be enough to alter the fallout pattern. 

It should be fairly evident from the discussion in the preceding section 
that there are still a number of questions concerning close-in fallout about 
which we are still somewhat uncertain.. Any fallout computation, even 
given perfect information on the wind field, will have a degree of un- 
certainty as a result of the assumptions on which it is based. 

With these factors in mind, it appears unlikely that a weather forecaster, 
even given the computing aids which he would need to compute a fallout pat- 
tern, could on short notice and in a time of emergency give a detailed and re- 
liable forecast of the close-in fallout. He could with a fair degree of assurance 
delineate the general sectors in which the fallout would be mostly likely to 
occur, but he could not tell where a given dose rate contour would lie. If one ig 
dealing with a military situation in which an enemy is dropping atomic bombs, 
then the forecaster’s problem is further complicated by the fact that he would 
presumably not have accurate knowledge of the height of burst and fission yield of 
the weapon. 

It must be emphasized, however, that the above statements do not necessarily 
apply to the prediction of the fallout from a test device, where many of the 
uncertainties mentioned can be removed. It is possible, by the use of a special 
upper air-sounding network, to obtain wind information over a limited area which 
is considerably more reliable and current than that obtained from the routine 
upper air net, and which extend to a greater altitude. Moreover, there is usually 
no doubt about the yield and burst height of the device during a test. Thus, it is 
much more likely that an accurate forecast of the fallout pattern can be made 
under the favorable conditions which exist during a test. Eiven here, there 
remains a degree of uncertainty, as witnessed by the fallout which occurred on 
some inhabited atolls during the 1954 tests in the Pacific—though this might have 
been forecast if there had been the refined fallout computing aids which exist 
today. 

Finally, if one does not have to make use of forecast winds at all, but can 
introduce all the detail of a careful synoptic analysis “after-the-fact”, including 
the time variation of the wind at each level, and compute the fallout on a high- 
speed computer, it is possible to reproduce the fallout patterns which have oc- 
curred from the U. 8. surface bursts with considerable accuracy. The radiological 
monitoring data show a certain amount of spread in the observations because of 
the detailed effects of terrain and atmospheric turbulence. When the recon- 
structed pattern or computed fallout patterns are compared with observed values, 
the minor differences are usually accounted for by small-scale features in the 
wind structure. Where the winds apparently behave as expected, predictions 
verify within a factor of two over most of the area. Where they do not, the peak 
dose rate is often correctly predicted at various distances from ground zero 
although displaced relative to the observed peaks, 


C. Intermediate fallout 


Although gravitational settling continues to play an important role for many 
days, and the downward diffusion of debris from the atomic cloud as it is moved 
about by the upper winds also becomes important, the primary removal of debris 
after the first day or two following a burst occurs in areas of precipitation. As 
the cloud of debris continues to be diluted by the atmosphere, concentrations 
decrease and it becomes necessary to collect the fallout and wait until the natural 
radioactivity has decayed before measurements can be made. 

From Nevada test series, it has been found that less than 5% of the total beta 
radioactivity produced is collected by the gummed film network in the United 
States. Stewart, Crooks, and Fisher have estimated from observations in the 
British Isles that about half the radioactive dust in the troposphere from Nevada 
tests is deposited in approximately 22 days and that 80% of the deposition by rain 
occurs during the first transit of the cloud over England. 
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The importance of precipitation in bringing debris to the ground after the first 
day or so following an atomic explosion is strikingly shown in the average daily 
activity found on gummed films exposed in the United States during the Teapot 
Nevada test series in the Spring of 1955. In light rain, on the average, over twice 
as much activity is collected by the gummed film as compared to dry days and 
this increase becomes more apparent as the rain gets heavier. Various studies 
have shown that anywhere from four to more than ten times as much debris is 
deposited during periods of rain as compared with dry days. 

On a few occasions, rain has coincided with the passage of a fresh cloud of 
debris from a Nevada test, resulting in local increases of background radiation to 
about 1 mr./hr. beyond a few hundred miles from the test site. 

In the absence of precipitation, the effects of turbulence as well as gravitational 
settling are important. 

Removal of debris by impaction on natural surfaces, buildings, etc., resulting 
from the movement of air around these surfaces must be appreciable. Various 
studies have shown radioactive particles are found on leaves, branches, ete. An 
experiment conducted at the Naval Research Laboratory with an 80-mesh stainless 
steel wire screen and with ordinary cheesecloth faced into the wind showed that 
in the absence of rain as much as 10 to 100 times the activity collected on the 
horizontal gummed film can be collected on the screen or cloth. In a two-month 
period during the Teapot series, a total of 50% more activity was collected on the 
cheesecloth than on a horizontal gummed film of similar size. Studies of the 
vertical distribution of chloride particles also indicate a depletion near the ground 
over land areas, presumably a result of impaction on natural surfaces. 


D. Delayed fallout 

In contrast to the results from the Nevada tests, measurements of radioactive 
debris concentrations in the troposphere showed a continued increase over Eng- 
land during the 10-month period following the thermonuclear tests in the Pacific 
in 1954. Similar increases in ground-level concentrations have also been ob- 
served by the Naval Research Laboratory in the United States and elsewhere. 

This delayed fallout is a consequence of the extreme heights reached by debris 
from thermonuclear explosions, more:than 80,000 feet, which results in the stor- 
age of large amounts of small particle-size debris in the stratosphere. The exist- 
ence of such a distribution has been confirmed by aircraft measurements over 
the British Isles in August and September 1954 and again in early 1955 which 
show a very large increase in air concentration above about 35,000 feet. This 
debris eventually moves through the tropopause into the troposphere, from 
where it is removed by precipitation scavenging and by deposition. 

1. Transport in the stratosphere.—The stratospheric levels in question are 
mainly in a region where relatively sparse synoptic data on the structure 
or air currents are available. However, they are mainly in a region of hydro- 
statically stable air and soundings indicate, in general a relative high degree of 
steadiness of stratospheric currents. 

The winds in the stratosphere seem to have a predominant zonal component. 
The material injected at a certain locality will spread to other longitudes faster 
than to other latitudes. Material injected at a certain time in a vertical column 
may move more rapidly, or even in a different direction, at one level with respect 
to another. This shearing motion of the large-scale air currents represents a 
powerful factor for the spreading of an originally localized cloud to all longi- 
tudes within a few weeks. 

All stratospheric circulation cells undergo more or less marked changes during 
the eourse of the seasons. Superimposed on the seasonal trend are day-to-day 
wind fluctuations caused by migrating or oscillating pressure systems. The pres- 
ent-day knowledge of independent stratospheric pressure systems is very lim- 
ited. But it can be assumed that the stratosphere reacts, at least partly, to the 
migrating cyclones and anticyclones of the troposphere. Over periods of several 
weeks the net effect of the stratospheric wind variability will be similar to a 
process of large-scale eddy diffusion acting mainly in the horizontal directions. 

2. Diffusion in the stratosphere——One may approach the question of vertical 
diffusion in the stratosphere in three ways: first, using first principles ; second, 
using natural gaseous tracers and third using man-made probes. 

(a) First principles—If asked for criteria to predict vertical mixing at the 
ground from meteorologically-observed parameters, one would point, in all like- 
lihood, to three items : vertical temperature gradients, wind speed and wind shear. 
Tne greater the temperature stability the less the vertical mixing. It is primarily 
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on this ground that the stratosphere has been viewed as a region of quiescence 
in comparison with a turbulent troposphere below it. 

With regard to wind speed, it seems fairly clear that an absence of horizontal 
kinetic energy will be associated with little or no vertical motions but, it is not 
evident that high wind speed necessarily will produce vertical turbulence. In 
any event, the lower stratosphere has a variety of speeds. 

In the Richardson number, which under special conditions predicts the onset 
of turbulence, it is the shear rather than the wind speed which is significant. 
There is as large an assortment of wind shears in the stratosphere as in the 
troposphere, barring the layer adjacent to the jet streams in the troposphere. 

One must conclude that on one count—probably the most important—strato- 
spheric vertical mixing should be much smaller than tropospheric and that on the 
other two scores, it need not be. 

(b) Gaseous tracers.—Ozone is the first such atmosphere property which comes 
to mind. It has been established that the ozone concentrations below the ozone 
maximum (about 25 km) are often in excess of the photochemical equilibrium 
amounts. It appears that the day-to-day variations and much of the seasonal 
variation of total ozone reflects changes in the non-equilibrium ozone in the 
“protected” region below the maximum. It is generally accepted that exchange 
processes transport ozone downwards from the region of ozone maximum. Three 
types of exchange process have been considered. The first involves large-scale 
meridional circulations in the stratosphere. There are some reasons for ac- 
cepting such a meridional circulation involving both hemispheres but the evi- 
dence is not very impressive. A second exchange process is turbulent mixing. 
This is difficult to evaluate because of the lack of information on the magnitude 
of the mixing coefficient, It does seem, however, that the mixing coefficient re- 
quired to provide the needed flux of ozone is not unreasonable. The third ex- 
change process may be called “Gross austausch” since it involves the vertical mo- 
tions associated with travelling cyclones and anticyclones. ‘There is good evi- 
dence for this effect in the correlations between total ozone and the pressure field. 
It also provides a qualitative explanation for the annual variation of total ozone. 

With. the possible exception of the large-scale meridional circulation, the 
exchange processes described above will operate to bring ozone into the tropo- 
sphere where it is destroyed at lower levels by particulate matter. The study and 
measurement of the ozone exchange should be applicable to the exchange of 
nuclear weapon debris. 

Water vapor probably has no marked sink (due to cloud formations or precipi- 
tation) near the tropopause. Thus, changes in the gradient of water vapor 
mixing ratio should be a clue to the comparative upper tropospheric-lower stra- 
tospheric mixing intensities. The use of moisture as a tracer suggests but does 
not clearly indicate little vertical mixing in the lower stratosphere. 

(c) Man-made probes.—Both parachutes and balloons have been uSed regularly 
to measure small-scale vertical motions in the stratosphere and the results gen- 
erally reveal the stratosphere to have greater vertical motions than the tropo- 
sphere. Also, aircraft report turbulence in the stratosphere. This evidence for 
comparatively short period vertical motions is clouded by the question of the 
role of the platform. The growth of the rising balloon, for example, alters the — 
flow around it which may be the cause for the apparent vertical motions deduced 
from its ascent rate. Further, as with any measure of vertical motions, the 
probe does not distinguish between non-dispersive vertical motions like gravity . 
waves, and true diffusing elements. % 

3. Mixing through the tropopause.—In a practical definition the tropopause 
is the level of minimum temperature of a high-altitude sounding, or the layer 
of maximum change of vertical lapse rate of temperature when no minimum 
temperature is encountered. Mean height-latitude cross sections of the atmos- 
phere show that the tropopause is quasi-horizontal only in equatorial and polar 
regions, at approximately 18 and 9 km, respectively. The break occurs nor- 
mally between 80 and 60 deg. latitude where the mean tropopause has either 
a significant slope or lacks uniqueness of definition so that multiple tropopauses 
are assumed by some authors even for mean conditions. Individual soundings 
may show considerably day-to-day fluctuations of the tropopause level, in con- 
mection with the passage of cyclones and anticyclones. Therefore, the tropopause 
is far from being a well defined geometrical surface and can hardly be considered 
an internal boundary which separates two distinct kinds of air masses. Air may 
move vertically through the mean tropopause level, or horizontally through the 
tropopause breaks. However, net radiation and convection processes are as- 
sumed to exist which result in a marked tendency, towards re-establishment 
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of the tropopause at preferred levels just above the atmospheric layer in which 
the content of liquid and vaporous water is significant and condensation-precipi- 
tation cycles are dominant. 

Four main types of exchange of air, or air properties through the tropopause 
may be distinguished: (i) small-scale vertical exchange, or vertical eddy dif- 
fusion—(ii) medium-scale penetration of tropospheric air into the stratosphere 
above extremely intense convective cells (heavy squall lines, frequently con- 
nected with tornadoes)—(iii) large-scale entrainment of stratospheric air into 
tropospheric systems such as cyclones, jet streams, hurricanes—and (iv) mean 
transport by vertical branches of large-scale to world-wide circulation cells. 

4. Tropospheric removal.—The very small particles which are originally in the 
stratosphere and reach the troposphere weeks, months and even years after the 
detonation of a thermonuclear weapon, must eventually be deposited in the 
biosphere. However, the mechanisms by which these small particles are finally 
removed from the troposphere are not clear and the data concerning this 
problem is inconclusive. 

Investigations of the rate of removal of natural radioactivity from the lower 
troposphere, both in the United States and in Germany, indicate that about half 
the activity is removed in a period of about one or two weeks. However, the 
particles involved are extremely small (probably less than 0.01) and are con- 
centrated near the ground, so that the results may not be applicable to the 
fallout problem. On the other hand, Langmuir has shown that the collection 
efficiency of precipitation for very small droplets (less than 1) is small, but 
again the results may not be applicable to the fallout problem, where electrostatic 
and surface tension phenomena are different. Agglomeration between natural 
cloud elements and radioactive particles is operative for small particles. 

Conflicting evidence on the rapidity of tropospheric removal is also found in 
studies of the actual fallout. Stewart, Crooks and Fisher, in Britain, estimate 
from indirect reasoning that deposition in rain exceeds dry deposition by a 
factor of twenty for thermonuclear explosions, a study of gummed film results in 
the United States does not bear this out—average monthly deposition at 40 
monitoring stations during September and October, 1954, shows no correlation 
with either total rainfall during the month or the number of days with rain at 
the station. Again, using the British data, it is seen that the specific activity 
of the lower atmosphere showed a more than fourfold increase during the interval 
from 10 weeks after the Pacific tests to 50 weeks after if the data is corrected 
for decay. Similar increases were found by the Naval Research Laboratory. It 
is hard to reconcile this increase in tropospheric concentration with the rapid 
cleansing of the troposphere. 


BE. Analysis of stratospheric storage from radiostrontium fallout data 


1. Statement of the problem.—The fission product of greatest interest in terms 
of long-term hazard from nuclear detonations appears to be Sr™, and estimates 
of the rate of deposition of this isotope in the biosphere are needed. Unfortunate- 
ly, our knowledge of the physical mechanisms involved is too meagre to deal with 
this problem on a theoretical basis. Although it has been established that a con- 
siderable amount of debris is injected into the stratosphere and that this debris 
slowly mixes downward into the troposphere and is eventually deposited on 
the ground, the average storage times in the stratosphere, and even in the 
troposphere, are uncertain. Among the many unknowns in attempting a 
theoretical analysis are the initial distribution in the stratosphere and the 
physical mechanism of stratospheric :emoval. Even if the latter were known, 
we are at present unable to make quantitative estimates of the rates or inten- 
sities of these physical processes. However, due to the biological uncertainties 
in estimating the hazard from Sr™, a precise answer is not “needed, and even 
a gross estimate would be useful. 

2. Analysis by W. F. Libby.—Dr. W. F. Libby of the Atomic Energy Com- 
mission has published an estimate of the stratospheric storage time based on 
the estimated stratospheric content and on the observed deposition, with little 
or no reference necessary to the physical mechanisms involved. Essentially, 
the annual deposition is divided by the amount in the stratosphere, yielding the 
fractional removal during the year. If the fractional removal rate is assumed 
constant (i. e., the stratospheric content is assumed to decrease exponentially) 
the mean residence time of the debris is given by the ratio of the stratospheric 
content to the deposition. 

The basic data used by Dr. Libby are the stratospheric content immediately 
after the completion of the Castle (Spring 1954) tests in the Pacific and the de- 
position of Sr” during the following year or so as measured in three ways, a 
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world-wide gummed film fallout network, the Sr™ content of Chicago rainfall 
and air filter measurements at Washington, D.C. From these results, Libby con- 
cludes that the mean storage time for debris in the stratosphere is approximately 
10+5 years. 

3. Conclusion.—Stratospheric storage not only serves to delay the fallout of 
debris, but also to disperse it over the globe, minimizing the chance of locally 
high concentrations of debris. At present, the amount of Sr® in the stratosphere 
from nuclear weapon tests is far too small to approach maximum permissible 
concentration even if it were to be all deposited now. However, if the testing 
programs of the several countries producing thermonuclear weapone were to 
intensify, stratospheric storage time may become a critical item in terms of 
hazard to mankind. For this reason, a continuing program to investigate this 
phenomenon is needed, including actual measurements of the radioactivity in the 
stratosphere and improved and more representative methods of observing fallout. 


CHAPTER II. ATMOSPHERIC RADIOACTIVITY FROM CIVILIAN APPLICATION OF NUCLEAR 
ENERGY 
A. Sources of contamination 


The hazards of atmospheric contamination from the military uses of atomic 
energy have tended to overshadow other possible sources of contamination, prin- 
cipally because, to date, relatively insignificant contamination has occurred from 
non-military sourees. Certainly, the near future will see a tremendous increase 
in the utilization of nuclear energy for peaceful purposes, including the produc- 
tion of electric power, medical, industrial and agricultural applications, and nu- 
clear propulsion of air, sea and land vehicles. 

As far as can be seen today, the largest potential use of nuclear energy will 
be in the production of electric power and the discussion is based on this aspect 
of the problem, however, other applications could conceivably double the values 
used in the estimates given here. A consensus of estimates of global power re- 
quirements and of the proportion of this energy which will be supplied by nuclear 
sources indicates that by 1975 there will be a nuclear heat energy production of 
10° to 10° kilowatts and by the year 2000 this will increase to 10° to 10” kilowatts. 

These rates of production will produce enormous amounts of fiSsion products. 
However, most of these will be in solid or liquid form at present day processing 
temperatures and it can be expected that such material will not be intentionally 
released into the atmosphere. Of the remaining volatile fission products, stor- 
age and “cooling” of the fuel before processing can reduce the activity ma- 
terially. The two volatile isotopes of most interest are 10-year krypton 85 and 
8-day iodine 181. Only the 10-year krypton is sufficiently long lived to be rela- 
tively insensitive to the cooling time of the fuel before processing. There are 
two aspects to the problem of radioactive hazard from these sources, large-scale 
contamination on a global or hemispheric basis and local or regional contamina- 
tion in the areas of processing plants. 


B. Large-scale contamination 

1. Krypton 85.—The long half-life of K1r* results in the accumulation of this 
isotope in the atmosphere. If by the year 2000 nuclear thermal power has risen 
to 10” kilowatts, the world inventory of radiokrypton would be of the order 
of 10° curies. Mixed uniformly through the mass of the troposphere (4x10 
grams of air), the resulting sea-level concentrations would be less than 10 
curies/meter*®. Since most of the activity is likely to be released in the middle 
latitudes of the northern hemisphere, large scale concentrations of 3 to 5 times 
the global average could be experienced in these latitudes. 

No value for the maximum permissible concentration of Kr® is presently 
available. If, from the chemical and radiological similarity, we assume that it is 
analogous to radioxenon, then the estimated worldwide concentration in the 
year 2000 is about two orders of magnitude less than the maximum permissible 
concentration. However, such comparisons are extremely questionable and it is 
important that maximum permissible concentration levels be established for 
Kr”. 

2. Iodine 131.—The problem of I in the atmosphere is largely dependent on 
the fuel recharging interval and the cooling time. For each combination of 
fuel cycle and cooling time it is possible to calculate the total amount of I™ in 
the atmosphere. This is an equilibrium value assuming no removal at the source 
or after release. Total amounts of I in the atmosphere based on the estimated 
nuclear energy production in the year 2000 are given in the following table. 


93299°—57—pt. 2——_55 
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Total I™ (curies) in the atmosphere per 10° kilowatts of nuclear energy 
EEE | 7 


Decay time before release 











none 10 days 100 days 
Fuel recharging frequency: 
Once & year... ---------- <2 2-- o-oo c ooo none noon se e--=-2ee- 6 x 10° 3 x 10° 108 
10 ‘times a year ou 20 lle U2 se dso ees ees 6 x 10! 3x 1010 107: 
Continuous. vetoes! ou le task as ee ee ee a 2x 101 1911 4x 10’ 
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The present maximum permissible concentration of I is 3X10° curies/meter*, 
If the I is mixed with the whole mass of the troposphere, then 10” curies 
would produce the maximum permissible concentration. However, the assump- 
tion of world-wide tropospheric mixing is unwarranted for an isotope with a 
half-life of 8 days. Assuming the term large-scale contamination in the case of 
IT ean at most involve a 20° or 80° band of latitude in the northern hemisphere, 
and that vertical mixing may be incomplete, then even for large-scale considera- 
tions an atmospheric burden of 10° or 10° curies of I may approach the maxi- 
mum permissible concentration, and appropriate cooling or decontamination — 
measures must be used. . 


C. Local contamination 

It is evident that consideration of the average contamination over major’ 
portions of the globe cannot approach the hazard to be found in local areas 
downwind from sources of contamination. Locally, higher concentrations that 
would exist 10 to 100 miles from fuel processing plants (assuming something 
of the order of 1% of the world’s fuel to be processed at any single site) could © 
add an additional factor of 10 to 100 in the case of Kr® and several thousand 
in the case of I, Also, transitory excess concentrations due to unfavorable 
meteorological conditions could raise local concentration by an additional one 
to two orders of magnitude. 

The above effects are cumulative so that concentrations of I about 10* times 
the global average could occur regularly near fuel processing plants in the © 
northern temperate latitudes, rising occasionally to 10°-10° times the global 
average during unfavorable meteorological conditions. Deposition by precipita- 
tion could increase the possibilities of harmful effects. Further detailed analysis — 
would be required in order to indicate under what conditions the concentrations 
of krypton, iodine, or other isotopes would exceed permissible limits. In any 
case, it seems that a combination of reasonably conservative fuel cooling periods, 
some progress in off-gas cleaning, and a judicious choice of fuel processing — 
locations, is indicated to minimize the adverse effects of unfavorable meteoro- 
logical conditions. At the larger plants, meteorological scheduling of gas releases _ 
may be required, These principles are applied today, and will become increas- 
ingly important. 


D. Accidental releases 

There is the possibility, even if remote, that a large high-power reactor or 
fuel processing facility could be damaged or destroyed by accident and release 
part or all of the contained fission products to the atmosphere. The results 
of such an event could well be catastrophic, and extend over great distances. 
Estimates of areas of damage range upwards of thousands of square miles for 
very large reactors. By the year 2000 the release of only about 1% of the world-- 
wide Sr™ inventory that could then exist, even if mixed uniformly throughout 
the global troposphere, could produce concentrations on the order of 5x10" 
curies m~ or about twice the currently recommended maximum permissible 
concentration. This same 1%, if deposited on the surface, could seriously con- 
taminate the entire area of the earth. It is more likely, in the event of such 
a catastrophe, that the activity would remain concentrated in a much smaller 
area near the source. Still, the operation of any significant fraction of the 
earth’s nuclear reactors without proper safeguards would be of concern to all. 


BE. Conclusions 


The solution to radioactive air pollution problem is the same as in other air 
pollution problems, prevention of the escape of pollutants to the atmosphere. 
Thus, primary consideration must be given to engineering features limiting the 
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escape of hazardous gases either during normal operations or accidents, As 
additional safety factors meteorological research to locate plants in areas where 
unexpected releases will do the least damage is desirable. Finally, it should be 
pointed out that the release of a hazardous substance by any country may affect 
other countries—particularly in the same latitude belt. International control to 
establish and maintain high standards of safe plant operation is essential. 


CHAPTER III. USE OF RADIOACTIVITY IN ATMOSPHERIC STUDIES 


A. Natural radioactivity 

There exist two important sources of naturally occurring radioactivity in the 
atmosphere: (1) cosmic ray interactions in the stratosphere and (2) the rock 
and soil of the earth’s outer crust. The study of the cosmic ray induced products 
entails considerable. difficulties because of the low level of activity. On the other 
hand, the radioactive substances which originate in the earth can be detected 
and measured with relative ease. 

Radon and thoron are released as gases in the radioactive decay of radium 
and thorium which are found in all rock and soil. The concentration of these 
gases and their distribution in the atmosphere is determined by their half-lives 
and meteorological conditions. Although it is considered generally that the 
relative amounts of the various natural activities are dependent on meteorology, 
very few correlations with specific meteorological parameters have been made, 
in spite of the fact that measurements have been carried out over a period of 
many years. At the present time, insufficient data are available to make reliable 
estimates of the global distribution of radioactivity in the air over land, although 
it is known that at some distance from large land masses the radioactivity con- 
centration is exceedingly low. Measurements indicate that the amount of radon 
decreases rapidly with altitude to about one half the surface value at one kil- 
ometer. 

Radon and thoron and their daughter products would seem to provide an 
easily detectable tracer for the study of the vertical ‘‘Austausch.” Ground level 
measurements indicate that exchange phenomena within even a few feet of the 
surface have marked effects on the concentration of radioactivity. Such meas- 
urements might well be carried on in conjunction with micro-meteorological 
observations. From consideration of the lifetimes of the radioactive isotopes 
which are involved, it is obvious that even for relatively low wind velocities, 
horizontal transport of these radioactivities over distances of several hundred 
miles is entirely possible. The study of simultaneous variations in concentra- 
tion over these distances should be valuable if the locations were carefully se- 
lected to avoid the effects of terrain. Land to sea measurements should be 
especially interesting. . 

Instances of increases in radon concentration coincident with air pollution 
have been reported. Since atmospheric radioactivity and pollution are strongly 
affected by the stability of the lower atmosphere this effect is not surprising. 
For the same reason it is quite possible that a relationship could be established 
with the tropospheric scattering of electromagnetic radiation. 

Experiments have shown that the radon and thoron decay products are at- 
tached to submicron particulates. The details of the attachment process are not 
well understood; for example the relationship between various ionic species 
or the number and kind of nuclei. These radioactivities exist in the form of 
a readily detectable submicron aerosol which generally follows the surface wind 
pattern. These small particles, and incidentally other pollution, appear to be 
removed from the lower atmosphere in a matter of days, principally through 
precipitation. Further study of this removal process, carried out at different lo- 
cations and for a variety of climatological conditions would perhaps shed some 
light on the scavenging efficiency of precipitation. © 

The natural radioactivity of precipitation is considerable and is easily meas- 
urable. The mechanism for the entrainment of the radioactive particles in 
rain droplets is not certain. From theoretical considerations, the probability 
for attachment of these very small particles in rain is quite low. It has been 
suggested that the radioactive ions could themselves act as condensation nuclei. 
On the other hand, there is the possibility that clouds of charged radioactive 
particles could act as a sort of “trigger” for electrical phenomena leading to 
cloud electrification and precipitation. Experimentally, the difficulties of work- 
ing with large volumes of rainwater are partially offset by the large activities en- 
eountered. The actual air volumes swept out by precipitation is very great 
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and it would seem that there are possibilities for tracing air masses by using 
natural radioactivity. 

Traditionally atmospheric radioactivity has been associated with atmospheric 
electricity and might well supplement studies in this field. The radon and thoron 
decay products are charged and can be collected by electrical means. They are 
estimated to cause about one half of the ionization in the lower atmosphere. 
Certain of the theories of atmospheric and cloud electrification are quite sensi- 
tive to changes in the ion concentration. Since large changes in the radioac- 
tivity concentration are the rule, further studies carried out in conjunction with 
atmospheric electrical measurements should be valuable. 

The most extensively studied of the cosmic ray induced isotopes found in the 
atmosphere have been OC“, H® and Be’. Probably both short term increases 
in fossil CO, from industrial sources and the long term global distribution could 
be detected using sensitive techniques. H’ is present in the air principally in 
the form of tritiated water and will probably find its most useful applications 
to hydrology, although more extensive sampling of precipitation is no doubt de- 
sirable. Because of its relatively short half-life, Be? may be of very great im- 
portance in the study of the rate of mixing between the stratosphere and tropo- 
sphere. Unfortunately, there is a great lack of experimental information suit- 
able for correlation with meteorological phenomena. 


B. Debris from weapons tests 

The debris injected into the atmosphere from the testing of nuclear weapons 
can provide a useful tool for investigating atmosphere phenomena. However, 
two basic limitations on the usefulness of the approach must be recognized : 

1. The source strength and distribution in space is largely unknown. 
Such important information as the distribution of particles with altitude, 
the exact configuration of the stabilized cloud, the relation of particle size 
to activity, the fractionation of elements within the cloud, etc., is not avail- 
able. 

2. Sampling techniques are imperfect. Air concentration measurements 
are difficult because of the low concentrations and-smali particle Sizes in- 
volved. Ground collections result from either deposition of the particles 
themselves or by precipitation scavenging. 

Using the gummed paper collection system described in Chapter I, ft has 
been possible to obtain certain valuable meteorological information on such 
items as: a measure of the cross-equatorial transport and some feature of the 
general circulation from U. S. Pacific tests, scavenging by the upper portions of 
rain clouds of the particulate fission products, an estimate of rapidity of the re- 
moval of particulates from the troposphere, an estimate of the rate of transport 
from the stratosphere to troposphere. 

Using aircraft sampling procedure, it has been possible to obtain estimates 
of the rate of lateral spread of an atmospheric contaminant and vertifications of 
meteorological trajectories. 

By following the Tritium released by the CASTLE series of weapons tests 
it has been possible to estimate the removal time for atmospheric water mole- 
cules. 

It is likely that the potential of even.the existing unclassified information 
on radioactivity released by weapons tests has not been exhausted. This po- 
tential would be enhanced by disclosure of additional information on weapons, 
debris measurements, and source strengths. For example, the weapons tests 
offer an opportunity to determine storage and. transit time parameters for sur- 
face water sheds of almost any size. By comparing the amount and level of 
radioactivity in rainfall and runoff as a function of time following a weapons 
test, it would be possible to measure those parameters which are vital to studies 
of ground water, river runoff, and flood forecasting. 


C. Artifically introduced radioactive tracers 


Artifically introduced radioactive tracers can serve meteorology in at least 
three fields: first, through the delineation of the airflow and rates of diffusion ; 
second, in hydrometeorology, including studies of condensation, precipitation, 
evaporation and hydrology ; and third, in atmospheric electricity. 

As a tracer of air motions, radioactive substances are in competition with 
fluorescent dye particles, sulfur dioxide and other non-radioactive substances. 
Their advantages lie in the possibility of being able to treat large-scale atmos- 
pheric phenomena which otherwise require too large amounts of source material, 
in being able to utilize tracers which partake in the particular process under 
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investigation and, in certain cases, in our ability to detect the presence of the 
tracer instantaneously in the field. In any specific experiment it will be neces-_ 
sary to weigh economic, safety and scientific factors in the use of radioactive 
tracers over non-radioactive tracers. 

Regions in which it would be highly desirable to further knowledge concern- 
ing air trajectories are in the neighborhood of jet streams, in cols, in hurricanes 
to measure both the three dimensional airflow and define the air comprising the 
eye, and in the Antarctic. In the field of dffusion, the use of radioactive tracer 
material can further knowledge of diffusion near the ground for air pollution 
studies, ete., and of diffusion in the stratosphere and tropospheric and stratos- 
pheric mixing. 

The radioactive tracer material which appears to be most promising for the 
above meteorological studies is tritium. Tritiated water would be washed out, 
thus making for additional complications. Tritium in the form of ordinary 
hydrogen is acceptable although costs of analysis of the sample might be high. 
For the large-scale experiment to establish the tropospheric-stratospheric ex- 
change tritiated methane has been suggested. Tritium has the advantageous 
properties of emitting a weak beta particle, of being available without difficulty, 
and of having a reasonably long half-life. 

Water molecules are readily marked by tritium so that in any experiment in 
which the travel of water vapour is desired it becomes feasible to introduce 
tritiated water as a tracer. If sufficient amounts of tritium were available, a 
large-scale experiment to study the hydrologie cycle could be devised. Even on 
smaller scales, tritiated water could be used to study such features as the 
evaporation from a ponded lake, water sources for dew, contributions of local 
transportation or evaporation from local bodies of water to precipitation ele- 
ments, ete. 

Activation analysis techniques extend the possibilities for studying very small 
particles (such as sodium chloride) that play an important role in condensation 
and ice formation. Radiosilver can be introduced in a preparation of silver 
iodide to be able to determine the presence of silver iodide in the precipitation 
which was alleged to be stimulated by it. By releasing another tracer which 
would be scavenged with equal efficiency by precipitation it might be able to 
determine whether the silver iodide has played a role in the formation of the 
precipitation. 

Finally, the ionizing properties of radioactive substances can be used to make 
local changes in the electrical fields of the atmosphere, to determine if such 
changes affect weather processes. 


CHAPTER IV. THE EFFECT OF ATOMIC EXPLOSIONS ON WEATHER 


A. Introduction 


From the beginning of time, man has looked beyond the field of meteorology in 
the hope of finding some explanation for the vagaries of weather. Many in- 
ventions of man—gunpowder, radio, airplanes, and television—have been blamed 
for changes in weather and climate. It is only natural that atomic and thermo- 
nuclear explosions, being among the most dramatic achievements of mankind, 
would come in for their share of the blame. 

There seems to have been an increase in unusual and undesirable weather in 
the past decade. When submitted to rigorous statistical tests, these apparent 
abnormalities do not exceed the limits that can be expected by chance and are 
consistent with accepted meteorological principles involving large-scale (hemis- 
pherie) weather patterns which could not be directly affected by the explosions. 
The failure to detect statistically significant changes in the weather during the 
first ten years of the atomic age is no proof that physically significant changes 
have not been produced by the explosions, but it does show that a careful physi- 
cal analysis of the effects of atomic and thermonuclear explosions on the atmos- 
phere must be made. 

The energy of even a thermonuclear explosion is small when compared to most 
large-scale weather processes. Moreover, it is known that much of this energy 
is expended in ways that cannot directly affect the atmosphere. Even the frac- 
tion of the energy which is directly added to the atmosphere is added in a rather 
inefficient manner from the standpoint of affecting the weather. Meteorologists 
and others acquainted with the problem are readily willing to dismiss the possi- 
bility that the energy released by the explosions can have any important direct 
effect on the weather processes. However, there remains the possibility that 
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the explosion will serve as a trigger mechanism to divert Some much larger 
natural store of energy from the path it would otherwise have followed. 

Three general means by which this might be accomplished have been con- 
sidered : 

1. The debris thrown into the air by the explosion may have some catalytic — 
effect on the behavior of clouds and thereby change the regime of cloudiness 
or precipitation over wide areas. 

2. The radioactive nature of the debris will change the electrical conduc- 
tivity of the air, and this may have some effect on more directly observable 
meteorological phenomena. 

3. The debris thrown into the stratosphere by the explosion may interfere 
‘with the passage of solar radiation and thereby serve to decrease the tem- 
perature of the earth. 

Our present knowledge of atmospheric physics makes difficult a final authori- 
tative evaluation of any of these possibilities. 

The results of studies and experiments conducted by various organizations 
show the following: 

1. The debris which has been thrown up into the atmosphere by past detona- 
tions was found to be ineffective as a cloud-seeding agent. Since the tech- 
niques for testing nucleating efficiency are not entirely satisfactory, the con- 
densation and freezing nuclei produced by nuclear explosions and their effect on 
the formation of clouds and the precipitation process must be continually in- 
vestigated. 

2. The amount of ionization produced by the radioactive material is insignifi- 
cant in affecting general atmospheric conditions. Various theories on the pos- 
sible connection between the electrical properties of the atmosphere and the 
precipitation process are still in the developmental stage. 

3. Dust thrown into the air by past volcano eruptions decreased the direct 
solar radiation received at the ground by as much as 10-20%. The contamina- 
tion of the atmosphere by past nuclear tests has not produced any measurable 
decrease in the amount of direct sunlight received at the earth’s surface. There 
is a possibility that a series of explosions designed for the maximum efficiency 
in throwing debris into the upper atmosphere might significantly affect the radia- 
tion received at the ground. 

4. Much of the increase in severe storms reported in recent years can be traced 
directly to the improved methods of reporting severe storms that normally occur. 

No statistically significant changes in the weather during the first ten years 
of the atomic age have been found, yet careful physical analysis of the effects of 
nuclear explosions on the atmosphere must be made if we are to obtain a definite 
evalution of this problem. Although it igs not possible to prove that nuclear 
explosions have or have not influenced the weather, it is believed that such an 
effect is unlikely. 
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SUMMARY REPORT OF THE COMMITTEE ON EFFECTS OF ATOMIO RADIATION ON 
OCEANOGRAPHY AND FISHERIES 


1. To Whom Is This Report Addressed? 


In writing this report we have had four groups in mind—research administra- 
tors, statesmen, scientists and the public. For those who have responsibility for 
the support of research, we have attempted to outline the scientific questions 
that need to be answered as a basis for intelligent policy, the means by which 
they can be attacked by classical research methods at the outset, and the broader 
problems of the oceans that can be hopefully attacked by the use of radioactive 
tracers. For the statesmen who have responsibility for national and international 
policy, we have attempted to formulate recommendations, based on our present 
small body of knowledge and our awareness of our larger area of ignorance, con- 
cerning the national and international actions and agreements that are necessary 
for the happy exploitation of the oceans in the new atomic age. For the scientists, | 
we have attempted to summarize what is known about the actual and potential 
effects of radioactive materials in the oceanic realm and the interest of marine 
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scientists in these substances. For the public, to which we all belong when we 
are outside our own specialties, we have summarized the levels of caleulated risk 
that must be balanced against the wonderful promise of atomic energy for the 
welfare of mankind. 


2. How Does the Atomic Energy Program Affect the Oceans? 


We have considered three aspects of the atomic energy program that directly 
involve the oceans and, therefore, the marine sciences: weapons tests over or in 
the sea, disposal of radioactive wastes from nuclear power plants, and the use 
of radioactive substances in increasing our understanding of the oceans and of 
the creatures that live in the sea. These different aspects cannot easily be sepa- 
rated. Weapons tests and the disposal of radioactive wastes present great oppor- 
tunities for studying the oceans. On the other hand, increased knowledge of the 
oceans is essential to avoid or minimize the destruction of marine resources in the 
development of atomic energy. 

The continuing development of atomic energy will produce progressively greater 
amounts of radioisotopes, and with them greater amounts of radioactive waste 
material. Since the oceans cover 71% of the earth, and ultimately receive the 
drainage from the land, they are the principal reservoir where radioisotopes 
will finally accumulate. Relatively small quantities are now being added to the 
surface waters of the ocean as fallout from weapons testing programs, and in a 
few places as waste materials. 

When nuclear reactors for the production of power are put into large-scale 
- operation, as they certainly will be in the foreseeable future, the oceans will be 
seriously considered for the disposal of large quantities of wastes. Even if direct 
and intentional disposal at sea is not practiced, reactors may be built along sea- 
coasts or on rivers near large population centers and accidental pollution may 
occur. 

The problem of disposal of radioactive wastes is similar in character to, though 
potentially far greater in scope than other problems of pollution. An object 
lesson can be drawn from our experience with the disposal of human and indus- 
trial wastes in inland water bodies and coastal waters and with the smog prob- 
lem that afflicts many of our large cities. During the early stages of the growth 
of industries and populations in cities, wastes were added to nearby lakes or bays, 
and to the air, in what seemed at the time to be innocuous quantities. As a mat- 
ter of fact, the quantities were small enough to be purified by natural processes. 
In .the course of time, however, the quantities increased insidiously so that 
today many natural waters cannot purify themselves and without expensive 
treatment are dangerous to humans. 

In almost every case the problem was ignored until it had become formidable 
in magnitude. Short-range solutions were employed, based on inadequate knowl- 
edge, special interest, and what we now know was an unfounded confidence in 
the capacity of the atmosphere and the waters to absorb noxious substances. AS 
a result, unnecessary damage was done to human beings and their environment. 
Much of this could have been avoided if an-adequate program of scientific inves- 
tigation had been. started sufficiently far in advance and if selon scanty, based 
policies had been followed. 

It is imperative that the nature of the wastes associated with the dev elopment 
of atomic energy be evaluated in advance. We know that purification of waters 
receiving radioisotope waste will proceed only by dilution, by precipitation and. 
settling onthe bottoms, and by the decay of radioactivity. Nothing could be done 
to reverse an undesirable accumulation that might result from ill-considered dis- 
posal of this type of waste. 

There is no question of trying to keep all of this material out of the sea. It 
is certain that some of it can be safely added. Tolerability of materials must be 
determined, and the locations where they should be put must be wisely selected 
in terms of the quantity and character of the radioactivity. It is not possible 
today to see clearly the problems of the future; we can only define the studies 
that must be made to provide a scientific basis for wise evaluation, and urge that 
these studies be begun without delay. The costs of such studies may seem large, 
but they are actually negligible in terms of the potential benefits. They are 
also very small when compared to the total present expenditures for the develop- 
ment of atomic energy. We cannot wait to begin these studies until radioisotope 
pollution becomes serious, for it is irreversible. 


8. Is There Naturally Occurring Radioactivity in the Sea? 


Yes, but one of the remarkable characteristics of the ocean is the extremely 
low level of the natural radioactivity. Marine animals and plants living more 
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than a few hundred feet beneath the surface are bombarded by much less natural 
radiation (radioactivity plus cosmic rays) than is received by terrestrial plants 
and animals. 

For example, although radio potassium accounts for about 90 percent of the 
activity in the sea, it is present in most igneous rocks at about 100 times the con- 


centration found in the ocean. Uranium, radium, and thorium are 3,000 to a — 


million times more concentrated in rocks than in the sea. This raises an interest- 
ing scientific question concerning the character of genetic change and evolution 
in many marine creatures. It emphasizes the need for basic biological studies on 
marine organisms. Because of their experimental difficulty, such studies have 
been comparatively neglected during the past few decades. 


4. Have Weapons Tests Added Measurable Amounts of Radioactivity to the Sea? 


Yes, though in terms of the total radioactivity of the sea the amount is neglir 
gible. Radioactivity in the waters of the test area is of course very greatly 
increased at the time of tests, and even after diffusion over thousands of miles 
concentrations remain that are readily detectable. Two days after the 1954 tests 
in the Pacific the radioactivity of the surface waters near Bikini was observed to 
be a million times greater than the naturally occurring radioactivity. This mate- 
rial was transported and diluted by ocean currents, and four months later con- 
centrations three times the natural radiation were found 1,500 miles from the 
test area; thirteen months later the contaminated water mass had spread over a 
million square miles. Artificial activity had been reduced to about one-fifth the 
natural activity, but could be detected 3,500 miles from the source. 


5. In What Other Ways Will Radioactive Materials be Added to the Oceans? 


In England radioactive wastes are being piped into the Irish Sea from an atomic 
installation. In the United States, wastes from laboratories and hospitals are 
being carried to sea in containers and dumped. At Oak Ridge, some of the fis- 
sion products are discharged into the Tennessee River system. At Hanford, water 
from the Columbia River is used for cooling and returned to the river with some 
induced short-lived radioactivity. Waste products from the uranium fuel proc- 
essing plants are now being confined, some in containers, others in pits in the 
ground. When the power reactors and fuel processing plants reach their expected 
development many rivers will have to be used. It will not everywhere be prac- 
tical to confine the wastes locally. Transporting them to sea in barges or by 
other means may then be necessary in many cases. Although we may be sure 
the atomic installations will be carefully engineered and maintained, accidental 
discharge of waste may occasionally occur. On those occasions intense radio- 
activity may reach the sea. 


6. Has the Atomic Energy Program as Yet Resulted in Serious. Damage to 
Marine Life? 

Probably no. We know that radioactive radiation is damaging to living things 
and that marine organisms tend to concentrate many fission product elements. 
But there is no evidence that any lasting damage has been done to the animal 
or plant populations of the sea or large inland water bodies by the release of 
radioactive substances. 

Certainly in the weapons test area terrestrial forms were killed or injured by 
the tests. The evidence concerning marine life is not conclusive, but biologists 
feel certain that deleterious effects occurred in the near vicinity. There is, how- 
ever, no evidence that populations have been affected after the dilution and trans- 
port mentioned above. This is a subject on which intensive studies are essential 
before a definite answer can be given. We know that “high” levels are lethal, 
and that “low” levels may have no direct effect, but we cannot give quantitative 
values for “high” and “low” except in a few cases. Low levels, which produce 
no measurable effect in the organism itself, may produce genetic effects and thus 
influence the marine populations in the future, but there is no conclusive evidence 
that this will be undesirable. 


%, Do Living Things Take Up Radioactive Materials into Th eir Bodies? 


Yes, Radioactive materials added to the sea can remain in solution, precipitate 
and settle on the bottom, or be taken up by the plants and animals that live in 
the water. The plants of the sea are mainly microscopic in size, but they can 
concentrate many thousand-fold those elements that are necessary to them. 
Radioactive substances are also absorbed on the body surfaces of living things. 
Small plants and animals serve as food for the larger forms and the radioactive 
materials are passed on from one to another. The amount of each element accumu- 
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lated in each form depends upon the rate at which it is taken up, either directly 
or as food, and the rate it is excreted. Some of the radioactive materials remain 
in the body for relatively long periods of time and may accumulate to a consider- 
able degree. Others may be lost rapidly and very little will accumulate. 

This statement is a great over-simplification. Different plants and animals 
require and accumulate different elements. Shell fish, for example, concentrate 
calcium and strontium in their calcareous shells; fish concentrate zinc. It will 
be necessary to know among other things both the composition of the waste, and 
the populations in the area, before any particular disposal operation can be 
evaluated. 


8. Are All the Radioactive Elements Equally Harmful? 


No. Those elements that living organisms naturally accumulate and that 
have long radioactive half-lives are more harmful than others. Radioactive 
strontium, and to a lesser extent, cesium and its daughter barium, cerium, prae- 
sodymium and promethium represent particular hazards to human beings from 
ocean disposal. 


9. How Much Radioactive Waste Will be Produced by Nuclear Power Reactors in 
the Future? 


The answer to this depends upon how optimistic one is concerning the develop- 
ment of nuclear power. One estimate assumes that within about 50 years nuclear 
fission will be producing about half as much power annually as the peoples of the 
world are using today from all sources. 

Accumulations year after year will eventually result in a constant quantity of 
radioactivity, such that the rate of radioactive decay will balance the rate of 
production of fission products to give what has been called the steady state. This 
should be approached within a few decades after full production is reached. The 
waste radioisotopes at this point would equal between one and two times the total 
natural radioactivity in the world oceans. This is roughly a thousand times the 
amount produced so far in weapons tests. 


10. What Means Are Being Considered for Disposing of Radioactive Wastes? 


The methods being considered fall into two categories, isolation and dispersal. 
It is probable that a judicious combination of the two methods for different 
types of wastes or for different countries will be essential. Chemical treatment 
of the wastes to isolate usable fractions, or those, like strontium and caesium, 
that decay most slowly, offers promise in simplifying the problem. For isola- 
tion, permanent storage in tanks or introduction into geological structures such 
as salt domes are being studied by other committees. The only place on earth 
where dispersal can be considered practical is in the ocean. Because it is large 
and fluid, the ocean could provide immense dilution. Because of its depth, and 
the stratification of water-masses with differing densities, various degrees of- 
isolation may be possible. It is a prime purpose of this report to emphasize 
the need for investigation as to whether this possible isolation is adequate. 


11. Will it be Safe to Introduce Very Large Quantities of Radioactive Wastes 
from Atomic Power Indiscriminately into the Seaf 


The answer is certainly no, but the strongest negative must be given for coastal 
waters and for the upper water layers everywhere that are the home of com- 
mInercially important fishes. These surface waters interconnect and are in con- 
tinuous motion. Anything added in one spot will, in the course of a few decades 
at most, be carried to all parts of the world. There is no place in the sea where 
very large amounts of radioactive materials can be introduced into the surface 
waters without the probability of their eventually appearing in another region 
where human activities might be endangered. 

It should not be forgotten that the coastal waters enter the harbors and 
estuaries and would carry any waste materials there with them; and that many 
of the major fishery resources of the world are concentrated over banks and 
near coasts, and would become contaminated. 

We must also remember that all plants and ‘animals in the sea, from the 
smallest bacteria to the largest whale, play a part in concentrating, transporting, 
and dispersing radioactive and other dissolved and suspended materials. 


12. Does This Mean that Large na of Radioactive Wastes Should Never 
be Dumped in the Sea? 

- No, not necessarily, but it does mean that the length of life of the radioactive 

material, its role in biological processes, and the mixing rate of the ocean should 

be carefully studied before large quantities of wastes are introduced into the 
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sea. Unfortunately, although we know the decay time of most radioactive sub- 
stances, we know very little about the exchange processes in organisms and 
in the water. We do know that even the bottom waters of the deep ocean basins 
slowly exchange with those of the surface, but the rate of this exchange is 
uncertain. 


13. From What Is Known, Where Would be the Safest Place to Dump Radio- 
active Wastes in the Sea? 


At the present time it is only possible to give rough engineering estimates 
based on order-of-magnitude calculations. 

Remembering the importance both of isolation (to allow time for radioactive 
decay) and dispersal (to reduce the amount of radioactivity per unit volume) 
the problem is to find places in‘the ocean where the rate of transfer of radio- 
active materials to the surface waters would be slow, or where great dilution 
would occur before radioactive materials came in contact with marine food 
products or human beings, and preferably where both conditions would prevail. 

There are some places where a contaminant could be isolated for long periods. 
For example, it is estimated that in the deepest parts of the Black Sea the 
“flushing time” is about 2500 years. This is the time required for most of the 
deep water to move near to the surface and be replaced with new water mixing 
downward. In this respect the Black Sea is unique. Elsewhere the “age” of 
the deep water indicates that exchange with the near surface waters goes on 
less slowly. Thus in the deeps of the Atlantic and Caribbean the time required 
for replacement of the water with new water from near the surface is probably 
only a few hundred years. Some oceanographers believe that the Atlantic deep 
water sank from the surface in high northern latitudes about 150 years ago. 

We are fairly certain that substantial amounts of long-lived radioactive 
materials, dumped on the bottom in the deep sea, would remain isolated for 
more than 100 years and that during this period they would become diluted by 
mixing through an enormous volume of deep water. We do not understand 
the nature of the physical and biological exchange processes between the deep 
and surface waters well enough to be able to say whether.in the steady state, 
after decades of nuclear power production, deep sea disposal would give adequate 
protection of the commercial fisheries from long-lived fission products such as 
strontium. Large quantities of short-lived fission products could certainly be 
disposed of safely in this way. 


14. Can Radioactive Materials be Used to Learn About the Oceans and to Increase 
the Harvest from the Sea? 


Yes. For example, an understanding of the flow of material through food — 
chains is essential to the effective use and conservation of the food resources of 
the sea. The natural elements used by the marine plants and their transfer to the 
commercially valuable fish and shellfish can be studied on a large scale, using 
radioactive isotopes. As these readily detectable substances are traced through 
the various steps of the food chain—plants, animal plankton, small fish, large 
fish—the efficiencies and inter-relationship of the various levels should become ~ 
much better known. This knowledge is of fundamental importance for the 
evaluation of the potential of the living resources of the sea as a source of food 
and other marine products, and as a basis for their full utilization and con- 
servation. 

Radioactive materials, both natural and man-made, can also be used in the study 
of oceanic mixing processes and circulation. These processes serve to supply 
marine plants with the fertilizers they need from deeper waters, as well as to 
dilute and disperse radioactive wastes dumped in the sea. At present we cannot 
measure, but can only estimate the mixing rates. The ability to trace radioactive 
materials, even though present in great dilution, will permit us to obtain quan- 
titative information. Improved knowledge of the mixing processes and of currents 
will help man to locate and evaluate unexploited resources of fish and other 
food organisms. . 

For example, thirteen months after radioactive materials were introduced into 
the seat fallout from weapons tests in the Marshall Islands, a research vessel 
traced their distribution in the Western Pacific. The extent to which radioactivity 
was taken up by plankton and fish was measured, as well as the extent to which 
activity was mixed downward and transported westward in the western limb of 
the great North Pacific eddy. These measurements. showed the average speed at 
which materials were carried away from the test area, giving convincing proof of 
the transport and mixing of material over a vast region. 
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Large amounts of radioactive tracers ranging in magnitude from curies to 
megacuries can be used at sea in studying oceanographic problems, including the 
problems of fisheries, and thus laying the ground work for increasing our harvest 
from the ocean. Smaller amounts are needed in the laboratory. We are here 
concerned not with the general problems of physiology and biochemistry but with 
specific ecological studies, including investigations of the efficiency of transfer of 
energy along the food chain, rates of filtration, concentration of elements and 
compounds in various tissues, the rates of accumulation and excretion of elements 
and compounds, the passage of substances across biological membranes, the 
concentration and role of biotic and antibiotic substances in the sea, the dynamics 
of marine populations, including the mass of living material in a given volume of 
water, the flux of organic substances from one organism to the other and between 
the organism and the sea water, and the inter-relations of animal and plant 
communities. In both field and laboratory experiments fission products are useful 
but some problems require the use of artificially radioactive substances produced 
by other means. An outstanding example is the use of carbon 14 to study the 
efficiency of various steps in the food chain. . Large quantities of this material 
are needed for field studies in restricted water bodies. Though the cost would be 
high, the value of the results would more than justify the expenditure. 


CONCLUSIONS AND RECOMMENDATIONS 


1. Tests of atomic weapons can be carried out over or in the sea in selected 
localities without serious loss to fisheries if the planning and execution of. the 
tests is based on adequate knowledge of the biological regime. The same thing is 
. true of experimental introduction of fission products into the sea for scientific 
and engineering purposes. on 

2. Within the foreseeable future the problem of disposal of atomic wastes from 
nuclear fission power plants will greatly overshadow the present problems posed 
by the dispersal of radioactive materials from weapon tests. It may be con- 
venient and perhaps necessary to dispose of some of these industrial wastes in 
the oceans. Sufficient knowledge is not now available to predict the effects of 
such disposal on man’s use of other resources of the sea. 

8. We are confident that the necessary knowledge can be obtained through 
an adequate and long-range program of research on the physics, chemistry, and 
geology of the sea and on the biology of marine organisms. Such a program 
would involve both field and laboratory experiments with radioactive material 
as well as the use of other techniques for oceanographic research. Although 
some research is already underway, the level of effort is too low. Far more 
important, much of the present research is too short-range in character, di- 
rected towards ad hoc. solutions of immediate engineering problems, and as a 
result produces limited knowledge rather than the broad understanding upon 
which lasting solutions can be based. 

4. We recommend that in future weapons tests there should be a serious 
effort to obtain the maximum .of purely scientific information about the ocean, 
the atmosphere, and: marine organisms. This requires, in our opinion, the 
following steps: (1) In the planning stage committees of disinterested scientists 
should be consulted. and their recommendations followed, (2) funds should be 
made available for scientific studies unrelated to the character of. the weapons 
themselves, and (3) the recommended scientific program should be supported 
and carried out independently of the military program rather than on a “not to 
interfere” basis. 

5. Ignorance and emotionalism characterize much of the discussion of the 
effects of large amounts of radioactivity on the oceans and the fisheries. Our 
present knowledge should be sufficient to dispel much of the over-confidence on 
the one hand and the fear on the other that have characterized discussion both 
within the Government and among the general public. In our opinion, benefits 
would result from a considerable relaxation of secrecy in a serious attempt to 
spread knowledge and understanding throughout the population. 

6. Sea disposal of radioactive waste materials, if carried out in a limited, ex- 
perimental, controlled fashion, can provide some of the information required to 
evaluate the possibilities of, and limitations on, this method of disposal. Very 
careful regulation and evaluation of such operations will, however, be required. 
We, therefore, recommend that a national agency, with adequate authority, 
‘financial support, and technical staff, regulate and maintain records of such dis- 
posal, and that continuing scientific and engineering studies be made of the 
resulting effects in the sea. 
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% We recommend that a National Academy of Sciences-National Research 
Council committee on atomic radiation in relation to oceanography and fisheries 
be established on a continuing basis to collect and evaluate information and to 
plan and coordinate scientific research. 

8. Studies of the ocean and the atmosphere are more costly in time than in 
money and time is already late to begin certain important studies. The prob- 
lems involved cannot be attacked quickly or even in many cases, directly. The 
pollution problems of the past and present, though serious, are not irremediable. ~ 
The atomie waste problem, if allowed to get out of hand, might result in a pro- 
found, irrecoverable loss. We, therefore, plead with all urgency for immediate 
intensification and redirection of scientific effort on a world-wide basis towards 
building the structure of understanding that will be necessary in the future. 
This structure cannot be completed in a few years; decades of effort will be 
necessary and mankind will be fortunate if the required knowledge is available 
at the time when the practical engineering problems haye to be faced. 

9. The world-girdling oceans cannot be separated into isolated parts. What 
happens at any one point in the sea ultimately affects the waters everywhere. 
Moreover, the oceans are international. No man and no nation can elaim the 
exclusive ownership of the resources of the sea. The problem of the disposal 
of radioactive wastes, with its potential hazard to human use of marine re- 
sources, is thus an international one. In certain countries with small land areas 
and large populations, marine disposal of fission products may be essential to 
the econemic development of atomic energy. We, therefore, recommend: (1) 
that cognizant international agencies formulate as soon as possible conventions 
for the safe disposal of atomic wastes at sea, based on existing scientific knowl- 
edge; and (2) that the nations be urged to collaborate in studies of the oceans 
and their contained organisms, with the objective of developing comparatively 
safe means of oceanic disposal of the very large quantities of radioactive wastes 
that may be expected in the future. 

10. Because of the increasing radioactive contamination of the sea and the 
atmosphere, many of the necessary experiments will not be possible after an- 
other ten or twenty years. The recommended international scientific effort 
should be developed on an urgent basis. 

11. The broader problems concerned with full’ utilization of the food and other 
resources of the sea for the benefit of mankind also require intensive interna- 
tional collaboration in the scientific use of radioactive material. 
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EpWARD D. GOLDBERG 


REPORT OF THE COMMITTEE ON THE EFFECTS oF ATOMIC RADIATION ON 
AGRICULTURE AND Foop SUPPLIES 


I, GENERAL 


The Committee interpreted its task as requiring its members to survey the 
Scientific aspects of that great sequence of events which precedes the delivery 
of food items to the ultimate consumer, and to do so from two separate view- 
points. These were (1) the beneficial effects that may result from the deliberate 
involvement of radiation of any sort with constructive intention, or what has 
been spoken of so frequently as the “peaceful uses of atomic energy,” and (2) 
the harmful or disadvantageous effects of radiation of any sort due to nuclear 
warfare, to accidents involving atomic power plants, or even to a slowly rising 
background of radiation that conceivably may follow as a result of atomic tech- 
nological developments in industry. 

Public and private funds are currently being expended in the United States 
for research in agriculture and food processing at a rate in the vicinity of 300 
million dollars annually. And undeterminable but not insignificant fraction of 
this considerable body of research involves radiation or radioisotopes. Members 
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of the Committee did not believe it to be incumbent upon them to defend or 
justify, to criticize or to challenge applications of atomic radiation to agriculture 
that have been developed or are under discussion. They did not wish to evaluate 
the programs of particular agencies or groups, but instead with judicial mind to 
examine the accomplishments and the potentialities, the implications and the 
limitations of radiation as related to the production and processing of agri- 
cultural products. . : 

One broad conclusion is that there is not imminent any drastic change in 
agricultural production as a result of the application of radiation. However, 
radiation techniques provide new tools for research and may aid agricultural 
production by improving and enhancing the efficiency of production methods. 

The Committee is strongly of the view that the applications of radiation will 
be of far greater immediate consequence to agricultural research than directly 
to agriculture, and that most of the benefits that may arise to agriculture, as 
manifest in the availability of an adequate and varied supply of wholesome food 
for man, wherever he may be, will come as a summation of many improvements, 
small and large, in materials, in plants and animals and in the technology of 
husbandry and processing developed through programs in agriculture and food 
processing research. 

Changes therefore may be expected to come in a series of little steps, none of 
which in themselves may be of great impact, but which, through the years, are 
likely to be impressive in their total. 

Another broad conclusion is that the slowly rising background of radiation 
caused by weapons testing in peacetime at the present rate is not likely to im- 
pair or interfere with food production. Levels of radiation considered tolerable 
by man are below those believed to have effects in plants or animals that would 
place food production in jeopardy. However, the high levels of radiation which 
might develop in small or large areas as a result of atomic or thermonuclear 
weapons in wartime, or from mishaps with nuclear power plants in peacetime 
could have catastrophic effects on agricultural production that might be of long 
duration, because of injury to personnel and animals, disruption of services, and 
contamination of soil, vegetation and water supplies. 


II. TRACER STUDIES IN AGRICULTURAL RESEARCH 


In the consideration of the beneficial effects of radiation the Committee en- 
deavored, not wholly successfully, to separate in its thinking those benefits that 
may arise from additions to the pool of basic knowledge about plants and ani- 
mals and their welfare, from those more direct effects that may specifically re- 
sult from the exposure of plants, animals or agricultural products to radiation. 
Tracer studies in the biological sciences have already been enormously fruitful 
in aiding the elucidation of essential metabolic processes in plants and animals, 
and may be expected to be increasingly so as the number and diversity of such 
experiments increases. When there is knowledge and understanding of a process 
then comes the opportunity to control it for a desired end; in this way the art 
of agriculture is transformed to the science of agriculture. 

They endeavored to make the separation mentioned above because of the con- 
viction that there is nothing unique about radioisotopic studies as applied to agri- 
cultural research. Tracer techniques, however, frequently permit answers to 
be obtained to questions which seemed previously unanswerable by conventional 
experimentation. The involvement of isotopes puts a new dimension into meta- 
bolic studies, and areas, formerly dark, may now stand out in relief. 

It is worthy of comment that many of the applied problems involved in the 
arts or technology of agriculture are as susceptible to study by procedures in- 
volving radioisotopes as are those more basic questions of plant and animal 
physiology or nutrition. Excellent examples of this type of employment of iso- 
topes are to be found in work on the placement and recovery of phosphorous 
fertilizers in soils, the efficiency of various methods of application of insecti- 
cides, fungicides and herbicides, the determination of post-harvest residues of 
such chemicals, the extent of utilization of feed components by animals, ete. It 
is to be anticipated that there will be greatly increased use of tracer radioiso- 
topes in the solution of such applied problems, and that the immediate dividends 
from such research may be considerable. Further, it is likely that new methods 
of employing isotopes advantageously will be developed; the ingenuity of in- 
vestigators in this field should not be underestimated. 

Because of the unanimity of their views as to the enormous potentialities of 
isotope tracers as a research tool in agricultural science and biology generally, 
the Committee gave some consideration as to whether there are limitations in 
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facilities for training or funds for specialized equipment for such studies. The 
consensus seemed to be that motivation for the use of such techniques must come 
from individual investigators themselves, that the necessary know-how is to be 
found in almost all research institutions, and that progress in agricultural re- 
search is not at the moment limited by inadequacies in dissemination of knowl- — 
edge and techniques. There was, however, a feeling that much of the graduate 
training in this field is rather informal, that more universities might consider 
establishing courses in which the methodology, techniques and principles of this 
new and powerful science are expounded, and that there is an additional need 
for an advanced training program for specialists in radiochemistry and radio- 
biology who may be developers of new techniques or interpreters of new appli- 
cations of potential value in agricultural research. 


III, EFFECTS OF RADIATION ON CROP PRODUCTION 


It is abundantly established that mutations can be induced in many plant 
species by exposure to x-radiation, gamma radiation and other forms of radia- 
tion. The changes which result are possibly due to chromosome deletions or 
abberations. There is some difference of opinion as to whether radiation-in- 
duced mutants intentionally obtained are qualitatively identical with those which 
occur spontaneously from naturally occurring mutagenic agents, but there is no 
doubt that their frequency is increased. Even so the mutation rate in most 
species is still very small, and furthermore most mutations are disadvantageous. 
The investigator seeking to exploit this phenomenon must expect to have to — 
handle very large populations, and so far has been able to look only for desir- 
able changes that are reflected in morphology or appearance and therefore can 
readily be seen, or for changes which can be recognized by some blanket method 
such as inoculating all irradiated plants with disease organisms in the hope of 
finding one or more exhibiting resistance to infection. 

It is likely that characters at present unrecognized also undergo change 
and that there are unexplored potentialities for effecting improvement in 
quality that may alter the demand for the plant, or in physiological properties 
that may alter the relationships of the plant with its environment. © 

It would be a mistake to imply that this new development has greatly sim- 
plified the tasks of those involved in crop improvement. On the contrary, it 
has made them more complex, but, by extending the boundaries, offers many 
new possibilities. It is not to be expected that acceptable new agronomic 
varieties can be obtained by simple irradiation of present varieties, though this 
is possible if large enough populations are examined. In general, however, 
back-crossing and recombination are needed to add the new characteristic to a 
crop plant acceptable in other respects. 

As yet relatively few new varieties of economic plants, developed from 
radiation-induced mutants, have actually been introduced and widely planted. 
These, however, do attest to the potentialities of the procedure. Much of the 
research effort in this field has properly been devoted to the investigation of 
techniques, to such vital questions as the determination of the particular stage of 
development at which radiation exposure may be most effective, and the com- 
parative mutability of crop species. It appears that different species cannot be 
expected to respond in an identical manner. More perhaps is known about this 
aspect of corn genetics than of any other major crop plant. 

Mutations in micro-organisms may similarly be induced by exposure to various 
types of radiation, though at considerably higher radiation levels than with crop 
plants. The changes induced have been shown to include the degree of virulence 
and host range of certain pathogenic fungi. The suggestion has repeatedly been 
made that the plant pathologist should examine this phenomenon so as to 
anticipate disease-resistance requirements in a breeding program. As yet, how- 
ever, there have been no significant results along these lines. Considerable suc- 
cess has been achieved in the development of greatly enhanced antibiotic pro- 
duction by some molds through radiation-induced mutation and selection. Sim- 
ilar genetic changes in the case of other micro-organisms have produced infor- 
mation about the likelihood of genetic control of metabolic processes. 

There is considerable evidence that bud mutations or somatic mutations can 
UC RaE that this phenomenon can be exploited in the 
eit i and 0 bint 8 ate of crop plants that are normally propagated by 

ting: grafting. This may be of special value in the improvement of some 
such crops, but as yet there have been no striking accomplishments in this di- 
rection. Progress in such studies is however inevitably slow because of the 
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nature of the materials, the length of time necessary to recognize a desirable 
change, and to produce the stocks necessary for field evaluation. 

Since the mutation rate of plants may be enhanced by radiation, presumably 
there is some possibility of the appearance of undesirable mutants in areas 
where the background radiation becomes higher than normal for any reason. 
This may be of some significance in connection with waste disposal practices or 
atomic accidents. There is, however, no evidence of such changes in areas 
containing radioactive springs or ores. This may be due to lack of intensive 
examination of the vegetation of such areas, and such surveys are to be en- 
couraged. However, the likelihood of appearance of undesirable lines under 
radiation levels that would be tolerated on other grounds seems small. 

There is no evidence that plant growth is stimulated or crop yields increased 
by exposure to low levels of radiation, despite earlier well-publicized claims to 
this effect. Radioactive fertilizers, used in a conventional manner, produce yield 
increments no greater than expected from ordinary fertilizers. 

Plants accumulate nutrient elements present in the root zone in solution 
or absorbed onto soil colloids, but non-nutrient elements are not excluded and 
may similarly be taken up. The availability of radioisotopes has greatly im- 
proved the understanding of plant nutrition and soil-plant relationships, and 
may be expected to aid substantially in the improvement of cultural practices, 
as indicated earlier. Through the use of isotopes it has been demonstrated 
unequivocably that certain elements can enter the plant through the leaves. 
This is of some consequence in relation to fall-out. Radioisotopes of long life or 
high activity if deposited in fall-out from an atomic or thermonuclear incident 
are likely to be accumulated in crop plants by root uptake from the soil and 
entry through the foliage. Some of the products deposited may be initially 
quite insoluble, but may become soluble through weathering. Others, initially 
- soluble, may be irreversibly fixed by many soils in a form not readily available 
to crops. It appears at present that Sr” and I™ are the chief radioactive 
elements which are of concern in such circumstances. The subsequent use of 
such crops presents a great diversity of problems depending on the level of radio- 
activity, its nature and the specific use of the crop. The Committee was in- 
terested to learn that the Department of Agriculture is preparing for farmers 
some informational material relating to these problems. 

The Committee desires to examine further the available information on the 
inter-actions of fall-out components with soil their entry and accumulation 
in crop plants in order to determine whether there is available the necessary 
basie information from which appropriate agronomic recommendations could 
be formulated for agricultural operations in areas that may have undergone 
any likely level of contamination. | 


IV. EFFECTS OF RADIATION ON ANIMAL PRODUCTION 


Whereas it appears that crop improvement programs may be considerably 
aided by the availability of radiation-induced mutants that may have certain 
desirable characteristics capable of incorporation into an agronomically accept- 
able variety, currently available evidence does not suggest that a similar ap- 
proach with animals would be so rewarding. This statement is made not from 
a belief that farm animals are inherently less responsive to radiation than plants 
but because physical differences of size, cost, generation time, ete., militate 
against extensive studies with animals, and act as obstacles that cannot readily 
be overcome. Probably only with poultry and to a lesser degree with swine 
would it be possible to handle large enough populations, and even here, if one 
extrapolates from the smaller laboratory animals, the chances of improvement 
seem slim. At present one such study, with chickens, is known to be underway. 

Limited whole-body exposure studies with farm animals have primarily been 
carried out to investigate physiological and pathological changes, often with the 
intention of transferring the information by analogy to problems of responses in 
man. The sequence of changes induced in most farm animals by heavy radia- 
tion exposures has been well defined. There are one or two examples however 
of the use of radiation exposure as a research tool for inhibiting certain func- 
tions in animals. For example various functions in the oviduct of poultry can 
be blocked by proper radiation techniques thereby permitting a study of the con- 
tribution made by the parts of this organ. 

Much of the work with radioisotopes in the animal field centers around prob- 
lems of animal nutrition and metabolism, and substantial progress has been 
made both in the elucidation of fundamental problems of animal physiology as 
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well as in those of a more applied character, such as the utilization of feed con- 
stituents, and the incorporation in animal tissues of inorganic constituents of 
forages. The experimenters in this field at present encounter one serious dif- 
ficulty, which in the case of the larger farm animals greatly limits the scale 
of activity. This is the problem of the salvage or disposal of animals after use. 
in experiments involving radioisotopes or radiation exposure. Even in the case 
of short half-life isotopes and at tracer levels only, the animals cannot be 
marketed through the usual outlets. This problem is of course much more 
serious with dairy or beef cattle than with hogs or poultry because the cost to 
the program is so much greater. . Moreover, this limitation tends to restrict un- 
desirably the scale and scope of such experiments, with the result that the con- 
clusions may. be less surely established than if the numbers of animals used 
were larger. R 

It appeared to the Committee, therefore, that essential research on farm anf-. 
mals using radioisotopes or radiation is being discouraged by the high costs 
involved because animals must be destroyed at the termination of experiments. 
It recommends that a special committee be appointed to study this problem and 
to develop procedures and standards that, if followed and enforced, would ade- 
quately protect the consumer, but permit the marketing of. animals that in ex- 
perimentation have been brought into contact with radioactive substances or 
exposed to radiation. - 

The welfare of the livestock population is enhanced if troublesome insect pests 
ean be controlled or eradicated.. As mentioned earlier, insecticide studies have 
been greatly aided by the availability of radioisotopes as tracers, but-in addi- 
tion there may be certain opportunities for control of insect pests by taking 
advantage of radiation-vulnerable stages in their life cycles.. Eradication of. 
the screw worn fly from the southeastern United States is to be attempted, based 
on the virtual elimination of this fly from the island of Curacao by the release 
of males rendered sterile by radiation exposure. This technique may not be gen- 
erally applicable to all insects pests. 


V. RADIOISOTOPES IN AGRICULTURAL PRODUCTS AND FOODS 


he Committee discussed in detail some of the difficult problems that may arise 
because of the presence of. a radioisotope burden in agricultural products and 
foods higher than that “naturally occurring.” The applicable legislation in this 
area is clouded with uncertainties, because the very possibility was not envisaged 
by those who enacted the laws and defined the responsibilities of the agencies 
that protect the public food supply. There are no permissible limits for radio- 
isotopes in foods; any burden above the “natural” is regarded as undesirable. 
The current interpretation of: the law places isotopes in the same category as 
poisonous additives. It is difficult, however, to be wholly consistent in this, in- 
asmuch as the normal radioisotope burden varies considerably in different agri- 
cultural products, and in the same product from different locations. Moreover, 
the testing of atomic and nuclear weapons is placing in soil, water, and air, the’ 
world over, radioisotopes not formerly present, though at extremely low levels. 
Th “natural content” of foods now consumed by animals and man is not the 
same as in the pre-atomic age. Though extremely small, the increment is meas- 
urable, and inescapable. 
It is to be anticipated that there will be in the years ahead a slowly rising 
background of radiation manifest in agricultural and food products by the pres- 
ence of the isotopes of elements not previously found therein or of “unnatural” 
levels of radioactivity. Atomic warfare might greatly increase the rate of this 
development. As pointed out earlier in this report, radiostrontium is particu- 
larly the element which would cause concern in the latter event. Forage directly 
contaminated with fall-out, if consumed by farm animals soon after deposition 
might cause radiation injury from the presence of insoluble radioactive prod- 
ucts. Strontium is metabolically similar to calcium and moves into bone and 
other calcium-accumulating tissues or fluids. Much is known of the relative 
behaviors of calcium and strontium but there appears to be no way of ~wholly 
preventing strontium retention. There is some evidence that poultry may “de- 
contaminate” or “detoxify” themselves by reason of a continued dilution through 
transfer to eggshell. In meat animals certain tissues might be consumable if 
boned out, but such an expedient would be beyond the ordinary scope of meat 
inspection. Dairy products would contain radiostrontium for some considerable 
time after ingestion of strontium-containing forage. Moreover, all avail- 
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able feeds, in heavily contaminated aras, might contain significant levels of ra- 
diostrontium, perhaps for years. 

At present it is not possible to say at what level a food, otherwise wholesome, 
becomes unwholesome or deleterious by reason of the presence of an unnatural 
‘burden of radioactivity. There is a great deficiency of requisite data on the long- 

term biological effects that may follow the ingestion of such foods by animals 
and man. Situations in which such information might be of great public im- 
portance are not inconceivable and possibly inevitable. 

The Committee therefore urgently recommends that appropriate experimenta- 
tion be immediately activated to provide specific information about possible total 
“or cumulative biological effects that might follow the ingestion of such foods. 
It further urges that the planning of such experiments be broadly based, and 
that the developmeut of the experimental designs and details of their subsequent 
execution be most carefully considered in order that the emerging data will be 
acceptable as a basis for the crucial decisions that ultimately will have to be 
taken, and directly of value to the regulatory agencies charged with the pro- 
tection of the public interest. 


Vi. ENVIRON MENTAL CHANGES AND ECOLOGICAL STUDIES 


In the decades ahead there is a strong possibility that the general background 
of radioactivity in agricultural areas will rise. Contributing to this would be 
fall-out, if weapons-testing continues, and wastes from nuclear power plants or 
isotope processing plants. AS indicated in the report of another Committee every 
effort will have to be made to contain radioactive wastes. Atomic warfare, or 
accidents involying nuclear power sources could of course greatly augment the 
background and pose difficult problems of land-use for agricultural purposes. 
Limited ecological studies are in progress in the vicinity of certain A. E. C. instal- 
lations, but it may be wise to consider this general problem somewhat more 
widely and to attempt to establish, through careful sampling, the present back- 
ground in representative agricultural areas, and in their chief crop and livestock 
products. 

Research activities might appropriately be carried out on areas near weapons 
test sites where substantially greater changes in background would be antici- 
pated. The distribution in the environment, in the soil at various depths, in the 
vegetation, in the wildlife, in the streams, etc. would all be pertinent. The 
rate of accumulation in soil as affected by land use ought to be studied. Forested 
land, rangeland, rotation grassland, and plowland, irrigated and non-irrigated, 
may each present a different situation. It is possible that certain of the State 
Agricultural Experiment Stations might be in a position to undertake limited 
surveys of this type on areas likely to be under their control for some considerable 
time in the future. 

The Committee recognized clearly that sustained monitoring and ecological 
research activities of this type are expensive and are not apt to be professionally 
rewarding to the individuals participating therein, because trends and conclu- 
sions would emerge only slowly. However, to be able to recognize changes in 
the levels of radioactivity in the environment and in products removed there- 
from, and to follow movements in the system, may well be in the public interest 
from a long-range viewpoint. 


VII. EFFECTS OF RADIATION ON PLANT OR ANIMAL PRODUCTS (FOOD PROCESSING) 


A recent development in food technology, potentially of considerable and pos- 
sibly dramatic significance, is the recognition of the fact that radiation can be 
used as a. means of preserving certain foodstuffs or of lengthening shelf life, 
either unrefrigerated or refrigerated. The radiation source may be gamma rays 
or high energy electron beams. No radioactivity is induced in the irradiated 
material. Feeding experiments to date indicate that foods so irradiated will 
prove to be suitable and safe for consumption by man. Parasites in meat and 
meat products can be killed by exposure to penetrating radiation; and undesir- 
able post-harvest changes in plant products, such as the sprouting of potatoes, 
can be delayed. 

The prime objective in radiation processing is to destroy microorganisms, or 
so greatly to reduce the microbial population (radiation pasteurization) that 
spoilage is long delayed. To accomplish this, very heavy radiation exposures 
are necessary because microorganisms are much less sensitive to radiation than 
are animals and higher plants. The food processor is particularly attracted by 
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the fact that the radiation exposure can and should be carried out after 
pice ae ere tie of some radiation sterilized foods is open to doubt because of 
the development of off-flavors, and changes in odor or in the texture of the tissues. 
Much of the developmental work in this field however has been of a rather em- 
pirical nature, and it is possible that through research means may be found to 
repress some of these undesirable changes. ee 

Although the feasibility of radiation sterilization has been amply demonstrated, 
the economics of the various processes have not yet been established. This devel- 
opment has largely been financed by the military with the Army Quartermaster 
Corps as the primary agency involved, but there has been a broad basis of coopera- 
tion in industry and elsewhere, with some technical guidance and evaluation by 
Advisory Committees of the National Academy of Sciences. Having in mind the 
magnitude and coherence of the current broad programs in this area the Com- 
mittee was of the opinion that the potentialities of this use of radiation are being 
thoroughly explored, and that the interests of the food consumer will be ade- 
quately protected. Ata later date the Committee expects to review particularly 
the evidence of wholesomeness and acceptability of irradiated foods. 


VIII. COMMITTEE MEMBERSHIP 


The names and institutional affiliations of members subscribing to this report 
are listed below. In their deliberations they were aided by Douglas M. Whittaker 
of the Rockefeller Institute and Charles I. Campbell of the staff of the National 
Academy of Sciences-National Research Council. As Consultants the Committee 
is indebted to A. J. Lehmann, Food and Drug Administration, Robert Somers, 
Meat Inspection Service, U. 8. D. A., J. Wolff, Atomic Energy Commission, 
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GEORGE L. MCNEW 


SUMMARY REPORT OF THE COMMITTEE ON DISPOSAL AND DISPERSAL OF RADIOACTIVE 
WASTES 


INTRODUCTION 


Experience in handling the waste disposal problems to date is mostly limited 
to conditions as they exist in the areas of the national atomic energy establish- 
ments. The determination of hazards from the disposal of wastes in these areas, 
most of which are in remote and somewhat isolated regions, involving relatively 
short periods of time, has to date revealed no deleterious effect on the publie or 
its environment. 

This does not provide, however, a completely adequate basis for projecting the 
magnitude of the hazard into the vastly expanded realm of industrial atomic 
power production. Not only does the problem itself take on new significance 
with the projected amount of wastes, but environmental factors which may lie 
dormant under conditions existing in the remote areas take on full blown im- 
portance when viewed under the more stringent requirement for highly populated 
areas. 

Many such problems immediately come to the surface as a result of considera- 
tion of the long-term legal and insurance aspects. These problems reflect first 
of all a need for deeper understanding of the basic issues and for more refined 
measurements, and not merely for greater but still unknown factors of safety. 
Long-term responsibilities, moral, legal, and financial, stemming from the owner- 
ship of atomic wastes simply come into sharp focus when it is emphasized that 
the radioactive life of the wastes would probably exceed by several centuries 
the official life of the organization itself. Legal and insurance requirements, 
therefore, Will undoubtedly have a great deal to do with the shaping of rigid ad- 
ministrative policies with respect to these long range aspects of the atomic waste 
disposal problem, It may be difficult to maintain an adequate balance between 
objectives which primarily must emphasize the legal requirements and those 
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which in the broad biological sense must establish the foundations for a truly 
preventive appreach to this problem. 


PRESENT STATUS OF PROBLEM 


The following listing summarizes the conclusions regarding the status of waste 
dispersal and disposal operations : 

1. The safe handling and ultimate disposal of radioactive wastes is an im- 
portant technical, economic and administrative aspect of the nuclear energy 
industry. Waste operations must be thoroughly integrated with all other phases 
of nuclear energy operation. 

2. From a technological standpoint the highly radioactive wastes resulting 
from the processing of reactor fuels constitute the bulk of the problem. To 
date essentiaily none of those wastes has been disposed of, i. e., returned to the 
environment. Tank storage is presently utilized as an interim answer to this 
problem. 

3. Wastes resulting from normal reactor operations are an important con- 
sideration, but technically represent a problem for which solutions are generally 
available. 

4. Research and development have indicated possible feasible systems for 
ultimate controlled disposal of highly radioactive wastes, but considerably more 
work is required to bring these systems to the point of economic operating reality. 

5. Major technical and economic considerations underlying the waste problem 
are: 

a. Characteristics of nuclear fuels and chemical (or other) processing 
associated with them. 

b. Separation of specific isotopes from the wastes and use of these ma- 
terials to economic advantages. 

e. The proper selection of the site for nuclear facilities—especially reactor 
and fuel processing plants. 

d. The detailed quantitative evaluation of the environment in order to 
assess its capacity to receive radioactive materials without creating deleteri- 
ous effects on the environment, 

e. Systems for the physical handling and transportation of highly radio- 
active materials. 

6. Major policy and administrative considerations relevant to the regulation 
of the waste problem are: 

a. The establishment, perhaps through private enterprise, of suitable 
waste disposal services. 

b. The regulation and control of waste disposal practices through exist- 
ing and traditional state, interstate and local channels where feasible. 

ce. Continuation and strengthening of established practices in relations 


with the public and its agencies. 
RELATION TO NUCLEAR INDUSTRY GROWTH 


Based on the best estimates available (which vary over rather wide ranges) 
and, to a substantial extent on technical judgment, the indications are that the 
principal source of fission products from nuclear reactors in the next decade will 
arise from the generation of electricity at nuclear powered central stations. On 
the basis of present developments, the second most important source probably 
will be reactors for naval service. Compared with these, other sources are com- 
paratively smail and amount to substantially less than the uncertainty in the 
estimates of the principal uses. 

By 1965 the average rate of reactor heat release is estimated to be about 
11,000,000 kilowatts. Naval service will account probably for 20 percent of this 
output in 1965. This rate of heat release will result in the production of some- 
what over 10 kilograms of fission products per day in 1965. 

In addition, the presence of radioactive wastes in quantity will have a pro- 
found effect on certain non-nuclear industries which may be damaged by air 
or water contaminated with radioactive wastes. Numerous wet-processing in- 
dustries are likely to be detrimentally affected by radioactive wastes even in 
trace concentrations. Among this vulnerable group are those requiring water 
of the highest purity, such as for the manufacture of photographic film. Other 
industries which should be alerted to the problem are pharmaceutical manu- 
facturers and food processing companies. It is not possible, at this time, to 
enumerate with assurance the industrial processes which can be completely 
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eliminated as subjects of this potential hazard, without the assembly of extensive 
research and statistical data applicable to specific operations. 


RELATION TO FUEL PROCESSING AND TYPES OF REACTORS 


Neither the type of fuel nor the length of irradiation time greatly influence 
the accumulated total radioactivity of fission products. Atfer approximately 
three years decay the residual radioactivity is essentially the same for various 
irradiation times, assuming constant heat generation during the irradiation 

eriod. 

P Essentially all of the radioactive material from fuel separations processes 
must be kept from the environs to maintain human exposures within maximum 
permissible limits. An important problem which possibly limits storage volume 
is the rate of heat removal from the containers. After solvent extraction wastes 
are concentrated by supplied heat to about 2000 gallons per ton of irradiated 
uranium, the heat of radioactive decay will continue the concentration to 100-500 
gallons per ton. Practical heat removal mechanisms may require that more 
concentrated waste produced by other separations processes be diluted to the 
same volume range. More concentrated fluid wastes also need stronger, less 
economical containers. The volumes of stored waste accumulated by 1980 are 
estimated at 20 x 10" gallons, by 1990 at 60 x 10’ gallons and by 2000 at 240 x 10’ 
gallons. 

The future possibility of high burn-up of reactor fuels might ultimately result 
in a situation where processing may be unwarranted. This would not change 
accumulation of fission products, but would have a profound effect on waste 
storage and disposal considerations. Similarly, the development of non-aqueous 
chemical processing methods would be important in modifying the waste man- 
agement problem. 

ISOTOPES PROBLEMS 


The technical and administrative problems associated with the transport, use 
and disposal of radioactive materials in medicine, biology, and industry will 
undoubtedly grow in complexity and quantity as the demand for the use of these 
radioactive materials increases. The expanding demand is already apparent 
in the rapidly increasing number of individual isotope users as evidenced by the 
expansion of the isotope distribution program. The program for the distribu- 
tion of reactor-produced radioisotopes is nearing one decade, having been in- 
{tiated on August 2, 1946, During this period more than 100,000 shipments of 
radioisotopes have been made from AEC facilities to some 3,200 institutions 
throughout the United States. These materials are being applied in Science, 
agriculture, medicine and industry. The Oak Ridge National Laboratory, the 
principal radioisotope production facility in the United States, has sbipped 
approximately 130,000 curies to date. 

All indices of radioisotope utilization reveal continued rapid growth. A 
look at the last three years of the program shows a growth in the number of 
using institutions from 1,400 to 3,200. This is an increase of approximately 
125%. There has been a 100% increase in annual numbers of shipments made 
since January 1, 1953. The principal growth during the period has been in the 
industrial use of radioisotopes. 

However, of even greater significance in connection with environmental and 
hazard control problems is the ever increasing desire for larger and larger indi- 
vidual sources of radioactivity. Requirements for intense radiation sources are 
obviously at their earliest stages. Such uses as food and pharmaceutical sterili- 
zation, promotion of chemical reaction, and other yet unknown applications will 
undoubtedly result in a much more extensive use of mobile and more widespread 
sources of intense radiation. 

Increased use, especially of highly active materials and the increase in the 
production of by-product materials at widely scattered geographical locations 
will result in ever increasing new technical and especially administrative prob- 
lems in both the transport of the material and the disposal of the wastes, in 
rane protect the environment against normal and potential emergency 

azards. 

Compliance with existing transportation regulations present few significant 
problems in the shipment of by-product material even through certain specific 
limitations exist. However, consideration should be given to a complete critical 
review of existing ICC, Civil Air, Coast Guard and Postal regulations to bring 
them in line with current requirements and radiation safety knowledge. 
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The radiological health and safety record in the nation-wide use of radioiso- 
topes is excellent. Incidents which have come to the Atomic Energy Commis: 
sion attention involving significant overexposure of personnel are exceedingly 
small; fewer than 10. In large measure this may be attributed to active educa: 
tional efforts in radiological protection through a field advisory service to isotope 
users and through effective and practical licensing practices. 

At present activity levels of use of radioisotopes and with the wide dispersal 
of users substantial environment health problems do not exist due to waste dis- 
posal or other practices resulting in the introduction of radioisotopes into the 
environment, 

ITEMS REQUIRING FURTHER STUDY 


The following listing summarizes conclusions in this area: 

1. Geophysical and geochemical aspects of ultimate disposal of highly radio- 
active wastes. 

2. Site selection for various nuclear facilities, particularly chemical processing 
plants and their location with respect to suitable waste disposal areas. 

3. Transportation of highly radioactive materials, 

4. Relationship of introduction and development of nuclear facilities to basic 
public health, social and economic situations extant or resulting from such 
development. 

PROBLEMS OF ACCIDENTAL HAZARDS 


The following conclusions in respect to the consequences of accidents involving 
radioactive materials appear warranted: 

1. The problems of waste disposal could be international in character and must 
be solved technically so that the total environment is maintained at a low level 
of radioactivity in order that accidents that are bound to occur will not be 
disastrous. 

2. The type of accident that could result in a catastrophic spread of radioactive 
materials is the complete vaporization of the core of a reactor and its release to 
the surroundings. The probability of a catastrophic accident with a properly 
designed nuclear reactor is extremely small. 

3. Reactor waste processing plants or storage facilities offer a greater hazard 
on a long-term basis than any single reactor. 

4. Accidents in handling, transport, and chemical separation of radioactive 
materials, while locally severe, should not affect a wide public area and, in all 
cases, the contaminated areas can be cleaned up. 

5. The probability of accidents in handling radioactive isotopes and low-level 
radioactive materials is similar to that in handling other types of lethal sub- 
stances. 

6. Use of nuclear reactors to drive ships appears feasible from a consideration 
of the consequences of possible accidents provided uranium-233 and plutonium 
are kept to a minimum. The technology of the use of nuclear reactors to drive 
locomotives and commercial airplanes has not developed to the point where the 
committee can form a judgment as to the consequences of possible accidents. 

7. Development of improved methods to limit the volumes of wastes produced 
in nuclear power reactors is justified from the viewpoint of the hazards due to 
possible accidents. 

8. Continuous and vigorous appraisal of reactor and fuel processing plants de- 
sign and operation and waste storage will be required in all nations using atomic 
energy in order to keep the radioactivity level of the world environment at 
tolerable levels. 

9. Improved safety devices for control of transients in nuclear reactors should 
continue to be vigorously developed. 

10. Further tests are required of reactors to evaluate their ability safety to 
withstand power excursions which may occur as a result of unusual operating 
circumstances. 

11. Until such time as advances in the technology of reactors lessen potentially 
hazards substantially, sealed buildings properly designed, constructed, and tested 
should be required for all nuclear reactors to be built in or near populated areas. 

12. All operations invelving radioactive materials in sufficient amounts to 
create possible health hazards should be supervised by trained and responsible 
people, 
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FALL-OUT CONSIDERATIONS 


It ig apparent that as of the present time the dispersal of radioactive material 
resulting from weapons testing has not been an environmental contaminant of 
substantial public health significance. However, because of various unknown 
factors regarding distribution and ultimate fate of this material, plus the poten- 
tials of possible wider spread and more frequent weapons testing it is also 
apparent that the subject in all of its aspects merits meticulous and continuing 
attention, The problem of fall-out is one of international significance and should 
be studied and evaluated on that basis, perhaps looking forward to international 
cooperation in control. 
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THr NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUNCIL 


The National Academy of Sciences—National Research Council is a private 
non-profit organization of scientists, dedicated to the furtherance of science and 
to its use for the general welfare. 

The Academy itself was established in 1863 under a Congressional charter 
signed by President Lincoln. Empowered to provide for all activities appropriate 
to academies of science, it was also required by its charter to act as an adviser 
to the Federal Government in scientific matters. This provision accounts for 
the close ties that have always existed between the Academy and the Govern- 
ment, although the Academy is not a governmental agency. 

The National Research Council was established by the Academy in 1916, at 
the request of President Wilson, to enable scientists generally to associate 
their efforts with those of the limited membership of the Academy in service 
to the nation, to society, and to science at home and abroad. Members of the 
National Research Council receive their appointments from the President of the 
Academy. They include representatives nominated by the major scientific and 
technical societies, representatives of the Federal Government, and a number 
of members-at-large. More than 3000 of the foremost Scientists of the country 
cooperate in the work of the Academy-Research Council through service on its 
many boards and committees in the various fields of the natural sciences, includ- 
ing physics, astronomy, mathematics, chemistry, geology, engineering, biology, 
agriculture, the medical sciences, psychology, and anthropology. 

Receiving funds from both public and private sources by contribution, grant, 
or contract, the Academy and its Research Council thus work to stimulate 
research and its applications, to survey the broad possibilities of science, to 
promote effective utilization of the scientific and technical resources of the 
country, to serve the Government, and to further the general interests of science. 


EXCERPTS FROM PATHOLOGIC EFFECTS OF ATOMIC RADIATION, 
STUDY BY THE NATIONAL ACADEMY OF SCIENCES, NATIONAL 
RESEARCH COUNCIL 

APPENDIX I 


REPORT OF THE SUBCOMMITTEE ON ACUTE AND LONG TERM HEMATOLOGICAL EFFECTS 
or ATOMIC RADIATION 


Eugene P. Cronkite, Brookhaven National Laboratory, Chairman 
Carl V. Moore, Washington University School of Medicine 
William N. Valentine, University of California Medical Center 
Victor P. Bond, Brookhaven National Laboratory 

William Moloney, Boston City Hospital 
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Consultants: 
James Hartgering, Lt. Col. (MC) USA 
Karl Tessmer, Lt. Col. (MC) USA, Walter Reed Army Medical Research 
Institute 


ACUTE AND LONG TERM HEMATOLOGICAL EFFECTS 


On January 7 and 8, 1956, the Subcommittee met at the National Academy 
of Sciences in Washington, D. C. with all members present. A preliminary 
report was written by Drs. Bond and Cronkite and distributed to Subcommittee 
members. The comments of the members have been incorporated into this 
report. 

INTRODUCTORY COMMENTS BY THE CHAIRMAN 


Mankind has always lived in an environment suffused with radioactivity 
from natural and unavoidable sources such as radioactive minerals and cosmic 
rays. Natural radioactivity varies greatly in degree throughout the world. 
Intensities tend to be much lower at sea level and on most small islands, with 
the exception of Baltic islands, throughout the world. At high altitudes cosmic 
ray activity increases significantly. Similarly natural radioactivity from min- 
erals increases significantly in some mines, and in the water supplies of some 
areas, For example, water in the Joliet area in Illinois contains relatively 
large quantities of radium and its daughter products. Since the discovery of 
x-rays by Konrad Roentgen and natural radioisotopes by Becquerel and the 
Curies, there has been a steady increase in the amounts of radiation to which 
segments of mankind are being exposed. With the development of nuclear 
weapons and the spread of atomic energy by industrial activities, the levels 
of world wide radiation will unquestionably continue to increase. 

At the present time there is confidence that the increment to the naturally 
existing radioactivity is but a small fraction of that believed to exist prior 
to the testing of atomic weapons and the presently developed atomic energy in- 
dustry. However, when one specifies the diverse sources of radiation to which 
large numbers of mankind are being exposed, it is quite evident that serious 
concern must be felt by physicians and scientists for the possible influence of 
such radiation upon individuals, selected groups, and whole populations. In the 
course of the deliberation of this panel attention was called to the existence 
of the following types of exposure to radiation to which human beings were 
exposed, voluntarily and involuntarily. 


1. Natural sources 

2. World wide low-level fallout 

3. Roentgenographic surveys of large segments of the population for tuber- 
culosis and cancer 

4, Dental x-rays 

5. Industrial fluoroscopy and radiography 

6. Fluoroscopy of infants 

7. Fluoroscopy for shoe fitting 

8. Diagnostic x-rays 

9. Medical and scientific use of tracers in human beings 

10. Therapeutic use of radioisotopes and x-ray 

11. Tracer radioisotopes in agriculture and industry 

12. Research and power reactors 

13. Ionizing radiations for food sterilization 

14. Experimental accelerators 


During the early years when the diagnostie and therapuetic uses of x-ray 
were being developed, heavy and repeated exposure to physicians, physicists, 
nurses, and technicians resulted in serious injuries. Historically, the occur- 
rence of leukemia and aplastic anemia as late sequelae of exposure to x-ray 
and radioactive substances was well documented in the medical literature prior 
to 1937. Presumably Madame Curie died from an aplastic anemia. In recent 
years, while great care has been taken to avoid heavy radiation expesure, there 
is little knowledge on the hazards of repeated smaller does, especially in regard 
to late effects on the blood forming organs. 

The record of the atomic energy development, which involved the handling of 
large amounts of dangerously radioactive material is an example of the effec- 
tiveness of the controlled environment. 
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Dose dependence and correlation of other effects with hematologic effects 


In order to set the acute and chronic hermopoietic effects of radiation into 
the proper perspective with regard to overall radiation effects, the whole body 
radiation syndromes as a function of dose of radiation are summarized : ; 

After very large doses of radiation delivered in a short time, a typical clinical 
syndrome is produced in animals. On the basis of observed symptomatology, 
it has been useful to name this symptom complex the central nerous syndrome 
(CNS). In animals, doses in excess of many thousands of r, are necessary to 
produce this complex. There are species variations. ‘The “threshold” for this 
syndrome in man is not known and this syndrome has not been observed in man. 
Symptoms referable to the nervous system and GI tract appear promptly. Death 
may occur “under the beam” or within a few hours. In laboratory animals this 
syndrome invariably results in death either promptly, or later as a result of the 
next clinical syndrome which results in death at a later time. If the nervous 
symptom complex subsides, or if the dose has been smaller (in the region of 
900-5,000 r for laboratory animals; dose for man not known), a symptom com- 
plex termed the gastrointestinal syndrome (GIS) appears. Nausea and vomiting 
appear shortly after exposure. Diarrhea and tenesmus become severe. The 
GI symptoms may be intractable or may subside for a variable period. Fluid and 
electrolyte loss from the GI tract progressively produce dehydration and eventual 
vascular collapse, and death that may occur during the 1st and 2nd weeks. This 
picture was observed in the Japanese casualties and has been well studied in 
laboratory animals. Death from this syndrome has been prevented experi- 
mentally in some dogs by adequate fiuid and electrolyte replacement; in addi- 
tion spontaneous recovery may occur after the lower doses in this range. How- 
ever, the survivors then experienced another symptom complex that may result 
in death. It is this third symptom complex characterized by signs and symptoms 
referable to bone marrow depression which characterizes the lethal dose range.’ 
By custom, the mortality from this syndrome has been tabulated as of 30 days 
after explosure. There are reasons, to be discussed later, why a 30 day tabula- 
tion may be too short for human beings. 

A fourth phase of deaths was observed during the 2nd and 3rd months after 
exposure in the Japanese casualties in which in some instances the causes of 
death were not clear; however, pancytopenic sequelae were still present. Hemo- 
poietic recovery was in progress but defects in proliferation and maturation were 
observed in the pathologic sections of marrow. Following the third month, 
deaths are infrequent and it becomes increasingly difficult to ascribe deaths to 
the effects of radiation since phenomena observed are those which may result 
in death in any non-irradiated population. In some instances cause of death was 
uncertain although pancsytopenia was prominent. 

There is evidence that large single doses, or repeated small doses of radiation 
can produce diverse neoplasia, genetic defects, and shortened life span in select 
controlled animal populations. However, attempts to ascribe a specific role to 
irradiation in neoplasia in human populations becomes an exceptionally complex 
biometric study because of the increasing contamination of the atmosphere by 
industry with potential earcinogens, and the introduction and widespread use of 
an array of clinically useful drugs, whose long term effects in man are imper- 
fectly understood, but which in some cases have produced severe blood dyscrasias. 
Accordingly, in all of the discussions on the long term effects of single doses of 
radiation on man, and the effect of repeated or low level exposure, one must be 
especially cognizant of the fact that the “effects” are deduced by statistical 
correlations, and cannot be proved by controlled experimentation, nor ean other 
causative factors be eliminated. In this era of awakened public interest to the 
hazards of radiation, it As especially important that preoccupation with the 
hazards of ionizing radiation does not becloud the searching mind of the scientist 
or the responsible citizen to the presence of other hazards of equal importance. 
This is not an attempt to minimize the hazards of ionizing radiation with re- 
spect to the development of blood dyscrasias and other late effects. It is most 
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* Sublethal refers to the lower doses of radiation that will produce deaths within a 
given period of time, usually taken as 80 days in animals. The lethal ye eer eaned fram 
the threshold dose at which only rare deaths occur in this time interval, to the level at 
which virtually all exposed will die (the LD 1 to LD 99 range). Doses above the LD 99 


ened Genie tl supralethal, In all ranges, however, ultimate longevity is reduced to 
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important to bear in mind that the incidence of bone marrow failure? 
and leukemia has increased significantly in the United States in groups in whom 
there is no known overexposure to ionizing radiations. Today no informed phy- 
sician believes that exposure to ionizing radiation has either a beneficial or 
stimulating effect on the blood. 

In the course of the deliberation of this Subcommittee, attention was focused 
upon the known effects of nuclear explosions, the immediate and long term 
effects of single exposures from all causes, and the long term effects of inter- 
mittent and continuous explosure to radiation of diverse types. In the latter 
category, the Subcommittee felt that a reasoned judgment could not be made 
because of the paucity of realistic quantitative data on the degree of exposure. 


ACUTE HEMATOLOGICAL RESPONSE TO SINGLE DOSES OF PENETRATING RADIATION 


Although the available sources of hematological data on human beings exposed 
to total body external radiation have serious limitations, they were considered to 
be reasonably consistent among themselves to allow characterization of the time 
course of change in peripheral elements following exposure. The sources of 
data included the reports of the Japanese exposed to immediate radiation from 
atomic weapons, the account of the human beings accidentally exposed to fallout 
radiations at the Pacific Proving Grounds in March, 1954, the reports of human 
beings exposed to reactor accidents in the laboratory, and data on patients with 
incurable neoplastic disease exposed to therapeutic total body irradiation. The 
pattern of response of the peripheral blood elements changes with increasing 
radiation dose. Im the following description, changes are divided into those 
that occur in the sublethal range, and those that occur in the lethal range (doses 
that result in some mortality within 60 days of exposure). This division is 
arbitrary, since the patterns of change merge imperceptibly, and each category 
covers a range of doses and thus degree of effect. When the dose is increased 
from sublethal levels to lethal levels, the lag period between exposure and de- 
pression is progressively shortened. 


Response after sublethal doses 


The neutrophil count shows an initial use in the first 12 to 24 hours followed 
by a sharp drop, to or below, the pre-exposure level. The count then fluctuates 
around or slightly below the pre-exposure level until the 3d or 4th week, follow- 
ing which definite depression is observed. The time of maximum depression oc- 
curs during the 5th or 6th week or.even later, and is followed by a gradual re- 
turn to pre-exposure levels. Complete recovery may require several months or 
more. 

The drop in lymphocytes is early and profound. Little or no evidence of re- 
covery in the high sublethal range may be apparent several months after ex- 
posure, and return to former levels may not occur for months or years. The total 
white count parallels closely the change in neutrophil count. 

The platelet count shows little or no change over the first three weeks follow- 
ing exposure. At approximately the end of the 3rd week the platelet count falls. 
The time of maximum depression is remarkably constant at sublethal dose 
levels, and occurs on the 28th to the 32nd day of post-exposure. 

No trend in eosinophile, basophile, or monocyte counts can be definitely ascer- 
tained. This may result in part from the larger errors inherent in counts of 
these celis. In the absence of hemorrhage, the hematocrit may show slight de- 
pression. This effect is probably due to a combination of inhibition of erythro- 
poiesis and shortened life span of the red cell. 


Response after doses in the lethal range 

The neutrophil count may rise during the first two days following exposure. 
The count then falls steadily to reach values below 1,000/mm * by the 5th to the 
10th post-exposure day, depending on dose. In survivors, recovery begins during 
the 5th week, but many not be complete for several months. 

The lymphocyte count drops to vanishing levels within 12 to 24 hours of ex- 
posure; recovery is not apparent for several weeks; and it may not be complete 
for seyeral months, or for a year. The total white count parallels the neutrophil 
count. 


2 Synonymous with aplastic anemia, refactory anemia, hypoplastic anemia, Aplastic 
anemia has been observed to terminate in leukemia. The occurrence of aplastic anemia 
after use of diverse drugs is common clinical knowledge. 
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The platelet count in the lethal range, in marked contrast to that at lower 
doses, may drop precipitously, starting approximately on the 4th day, and 
platelets may virtually disappear from the peripheral blood by the 10th day. 

Changes in the eosinophiles, basophiles, and monocytes counts cannot be 
characterized definitely at this time. The hematocrit? is not appreciably affected 
until hemorrhage occurs, severe gross external or occult internal bleeding may 
occur as early as the 9th day, depending primarily on the time at which the 
platelet count reaches dangerously low levels. This may occur from the second 
to the fifth week, with peak incidence in the 4th week in the low and mid-lethal 
dose ranges. The degree of response as a function of dose varies for the several 
blood elements. The platelet and lymphocyte counts are affected by very small 
doses of radiation, and are reduced to minimal levels before the lethal dose range 
is reached. The neutrophil count, however, does not reach minimal values until 
the lethal range is reached. 


Comparison of man and other mammals 


The time course of changes in the leucocyte and platelet counts in human beings 
is definitely different from that observed in lower animals. In man, severe de- 
pression of these elements occurs later, and recovery is more delayed. Similarly, 
the time of deaths in man resulting principally from hematological depression 
differs from that of laboratory animals. In most laboratory species, essentially 
all animals alive on the 380th post-exposure day will remain alive for several 
months, although the life span is shortened. In man, however, the peak incidence 
of death from marrow depression occurs during the 4th and 5th post-exposure 
week (Hiroshima and Nagasaki data). Thus an LD 50, 30 day consideration is 
inadequate to characterize the acute lethal dose response of man, and an LD 50, 
60 days would be preferable. The extensive serial blood counts obtained in 
human beings exposed to fallout gamma radiations were relied on heavily in 
characterizing the hematological responses of human beings exposed to external 
radiation. Admittedly the dose rate with fallout was much lower than with 
prompt radiation and may have reduced the effectiveness somewhat. These 
individuals received, in addition to gamma radiations, beta radiations of the skin, 
and probably a minimal degree of internal contamination. It was the consensus of 
the Subcommittee that neither the beta lesions nor the low level of internal 
contamination significantly contributed to the pattern of change observed. This 
view was supported by the general agreement of these data with other less 
extensive data on human beings who did not receive additional skin lesions or 
internal contamination; and the lack of correlation between the severity of 
hematological change and the extent of beta lesions in those exposed to fallout 
radiation. The reservation was held, however, that data are inadequate to 
establish this view with certainty, and that synergistic effects cannot be ruled out. 


Mortality and morbidity from whole-body radiation 


The pan-hemopoietie depression contributes in large measure to morbidity and 
mortality following total body irradiation. In the sub-lethal and low lethal ranges, 
the response observed is consistent with other clinical pancytopenic states, 
Neutrophil depression increases the susceptibility to infection and platelet depres- 
sion contributes to the bleeding tendency. Correction or treatment of these 
defects during the first few weeks may permit survival in some individuals who 
might otherwise have succumbed. The concept of total body x-radiation as 
primarily a pancytopenic state, while useful, is probably an oversimplification, 
particularly in low and high lethal ranges. 

Susceptibility to infection is well established and the pathogenesis may well 
involve interference with specific immune mechanisms, phagocytosis, and migra- 
tion of leukocytes in addition to simple neutrophil depression. 

Susceptibility to bleeding is well correlated with platelet depression. However, 
additional factors may be involved such as lipid antithromboplastins (Tocantins) 
or disturbances in the § lipoprotein transport mechanism (Nickson and Bane). 


* Admittedly the hematocrit ean be Misleading since it represents both changes in 
Plasma volume and red cell mass. However, in general decreases in hematocrit represent 
= Cea eas in red cell mass for one reason or another (loss, hemolysis, or no new 

‘The reservation must be made here that the exposed Japanese population were 
heterogeneous with respect to age, sex, physical condition and degree of added trauma 
from burns or blast. The extent to which these factors affected survival time has not 


been determined. In studies on labor 
sanulations arenes aboratory animals the converse ig true—homogeneous 
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In some instances, the latter changes are similar to changes induced i 
administration to rabbits. The relation of these nltohe ions to Ae peti 
tendency has not been established. It was the consensus that frank heparinemia 
is not a contributing cause of bleeding. 

After higher doses, death ensues even if hemorrhage and infection are corrected. 
Germ free rats die at dose levels moderately higher than the lethal dose for rats in 
the natural state. These animals die later with severe hemorrhage and anemia. 
At dose levels in excess of the LD 100, 60 day level, individuals die within the first 
week presumably from fluid imbalance and vascular collapse correlated with 
marked damage to the intestinal epithelium. It is clear that at all dose levels 
poorly known and little understood biochemical changes*® occur which may 
contribute to mortality in the exposed individual. Our knowledge is inadequate 
to determine at the present time to what extent such biochemical changes may 
prove lethal in themselves even when infection and hemorrhage can be treated 
adequately. 


Lethal dose for man 

No data are available to allow adequate characterization of the LD 50 value for 
man. ‘The degree of hematological depression observed in patients receiving total 
body x-radiation indicates that the current estimate of 450 r is a reasonable 
estimate for x-radiation as employed in the clinic. A recent re-evaluation of the 
data from Hiroshima and Nagasaki indicated a value higher than this for 
immediate gamma radiation from the bomb. Geometrical and depth-dose con- 
siderations can be interpreted to indicate that the LD 50 for man exposed to 
immediate gamma radiation and fallout gamma radiation from the atomic bomb 
may be lower than this figure. A large degree of uncertainty exists in both 
approaches, and more biological and physical data are required to settle the 
issue. The situation is compiex, and it became evident that it is not possible to 
extrapolate with confidence from one condition of radiation exposure to another, 
or from animal data to man. 
Threshold dose for detectible effects 

There appears to be no threshold * dose for changes in the peripheral platelet 
count and possibily for other elements of the blood. Changes at very low dose 
levels, however, can be detected only in a relatively large population. Nothing 
is known about subtle changes in the blood forming organs at dose levels so 
smali that changes in the blood picture cannot be detected. 


Diagnosis of radiation erposure and its severity 

The diagnosis of exposure to radiation and its severity is made on the basis 
of the history and physical and laboratory examinations, as with any disease. 
Available estimates of air roentgen dose received obtained by physical means 
should be considered in evaluating the degree of exposure, but should never in 
themselves be taken as an index for disposition or treatment since tissue dose 
end distribution of absorbed energy ultimately determines effect not dose in air. 
Any degree of radiation exposure should be avoided if possible. If exposure is 
necessary under emergency conditions, severe hematological depression may be 
expected at doses of 100 r or more measured in air, from immediate radiation 
from the bomb or from the gamma radiation from fallout material. With human 
exposure a wide spectrum of ages and of state of health is likely to be involved. 
Thus it is not possible to predict acccurately the severity of response that might 
be expected for a population exposed at various dose levels. There is evidence 
from the human beings exposed to fallout radiation that children may be more 


‘severely affected than are young adults. Whether this is due to inherently 


greater Sensitivity or to an increased depth dose due to smaller size is not known. 
From animal data, it has been postulated that elderly individuals may be more 
seriously affected than young adults. 
Therapy of radiation injury 

Recommendations for therapy are given for 1) conditions where exposed in- 


dividuals can be carefully and individually handled because they are limited 
in number and adequate facilities exist for taking care of them, and 2) ex- 


5 Apparently decreased respiratory quotient (RQ) in animals, increased excretion of 
amino acids in irradiated human beings, ete. 

6 The threshold concept may be incorrect since inability to detect effects at lower doses 
may only be a manifestation of inadequate criteria for effect. For practical purposes a 
threshold might be classified as that dose where statistically sifinificant differences are 
detected, For many effects this may necessitate extremely large samples, 
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posures at the catastrophic level where adequate medical observation and care 
are impossible. In the first category, of cardinal importance in therapy is careful 
observation, good nursing care, and treatment on an individual basis of any 
condition that may arise. Antibiotics in general should not be given prophy- 
lactically, and should be administered only if infectious processes develop that 
would be treated with antibiotics in the absence of radiation. Prophylactic 
use of antibiotics may be considered if the neutrophil count drops below 
1,000/mm*. Prophylactic use of antibiotics may be considered particularly where 
severe wounds or other complications may be present. If antibiotics are used, 
they should be given in large doses and the broad-spectrum drugs should be 
employed. Fluids should be given as indicated clinically. Blood should not 
be given prophylactically, but only as indicated from clinical and laboratory 
findings. Fresh whole blood by direct silicone multiple syringes without anti- 
coagulant or collected in plastic bags or platelet transfusions may be of some 
value in controlling purpura and other hemorrhagic manifestations. The use 
of drugs without clear indication is discouraged because of their unknown and 
possibly harmful effects on the irradiated individual whose metabolism is de- 
ranged. Parenteral administration of drugs should be held to a minimum be- 
cause of the added trauma in an individual susceptible to purpura and infection. 
At present there are no specific prophylactic or therapeutic agents‘ that should 
be stock-piled for us ein the hematological depression and the resulting disease 
state following exposure to total body irradiation. 

Under eatastrophie conditions it of course will not be possible to adhere to 
the above regimen. The principles of therapy remain the same, except that here 
there is a much better potential case for widespread and empirical antibiotic 
dispensation, particularly to individuals in which burns, mechanical wounds or 
other added trauma exist. 


LONG TERM EFFECTS ON THE BLOOD OF A SINGLE EXPOSURE TO IONIZING 
RADIATION 


The best single source of information on this subject is the Japanese sur- 
vivors exposed at Hiroshima and Nagasaki in August, 1945. Of necessity, data 
on the immediate radiation effects are fragmentary and data on the exposed in- 
dividuals between the 16th week and the 2nd year are not available. In1954a 
statistical analysis of the hematological data cbtained by studies on Hiroshima 
survivors and a control population, earried out from 1950-1953 (ABCC Pro- 
gram ME SS) showed that there was no evidence for an increase in leukopenia, 
leukocytosis or anemia in the exposed as compared to the control population. 
During this period several cases of aplastic anemia were encountered among the 
Nagasaki survivors. However, it cannot be definitely stated that these cases 
were due to atomic radiation. Up to late 1953, no cases of aplastic anemia had 
been found in the Hiroshima survivors. It should be noted that “aplastic” anemia 
is not an uncommon blood dyscrasia in the J apanese. 


Incidence of leukemia 


In contrast, an increased incidence of leukemia among survivors has been 
clearly established. It has long been known that repeated or single doses of 
radiation could increase the incidence of leukemia under controlled experi- 
mental conditions in laboratory animals. Accordingly, an intensive investiga- 
tion of the incidence of leukemia in the irradiated survivors in Hiroshima has 
been carried out by the ABCC. This study is continuing and a statistical 
analysis, based on the verified cases of leukemia occurring in the Hiroshima sur- 
vivors, establishes beyond reasonable doubt that the incidence of leukemia was 
significantly increased in exposed individuals. 

The following graphs and tables are based on the 1947-1953 incidence of leu- 


kemia in Japan and have been Supplied by the Committee on Atomic Casualties 
of the National Research Council. 


7 Antibiotics of great value in the therapy of infection in the exposed individual are 
not considered here as specific drugs. Such prophylactic agents known to this panel such 
a rhe Wa BE fea vol dee etree Bi ee pals af i or hagas marrow preparations, 

~ avorably mo acute radiation ury in animals, h 2 
place as yet in the treatment of human radiation injury. “aid EERIE T 
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Leukemia in exposed persons—Number and rate by presence of radiation 
symptoms and distance from hypocenter 














Hiroshima population ! Number of cases of Incidence 
Distance from hypocenter— leukemia 2 
? meters Be et Be eee 

SRO%/NRO 4! Total | SRO | NRO | Total | SRO | NRO |} Total 
Under 1,000 JL... o..-.- 750 450 | 1,200 14 2 16| 246.2] 58.6] 175.8 
E000 to 1499 Sos-.. 2 St 2, 250 8, 250 | 10, 500 15 13 28 87.9 20.8 35. 2 
B,500 to 1,900. 24 ss. 3.... 1, 750 | 16,950 | 18, 700 2 4 6 15.1 3.1 4,2 
2.000 to 2.4001 44.2 5.8. 950 | 16, 250 | 17, 200 1 1 2 13.9 0.8 1.5 
20M overs: & Sh 3.3L. 850 | 49,650 | 50, 500 0 oS hse beset hal SS 21 7 

Tote 5 oes Eee 6, 550 | 91, 550 | 98, 100 32 28 60 64. 4 4.0 8.1 





1 Source: Population estimated and rounded off to the nearest 50 persons. These population figures were 
based on the Commission’s 1949 Radiation census and the Japanese national census (1950). Numbers of 
survivors with severe radiation complaints were estimated from ebservations made by the Commission’s 
genetics department on 19,675 Hiroshima survivors of childbearing age. 

2 Source: Listing of Leukemia Cases in Hiroshima and Nagasaki, Sept. 1955. Cases are restricted to 
those in persons resident in Hiroshima at the time of diagnosis, and described in the listing under the head. 
ing, Diagnosis Acceptable. 

3 SRC: Significant radiation complaints—Epilation or purpura on history not confirmed by competent 
physical examination or medical records, 

#NRC: No radiation complaints, 


LEUKEMIA RATES BY DISTANCE FROM HYPOCENTER AND 
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Leukemia in persons exposed within 1,500 meters of the hypocenter—Number 
and rate, by sex and age ATB* 





Hiroshima popula- | Number of cases Incidence, annual 























tion, 1950 of leukemia 2 rate per 100,000 
Age ATB pias Ed ie ae et es BES er tenes 
Male Female Male Female Male Female 
1 3G: i BR SO, AE Se ES Ba 839 878 6 6 94.3 90.1 
995 1, 490 7 2 92.8 i oy | 
458 I, 352 3 6 86. 4 58. 5 
713 1,118 3 2 55. 5 23.6 
902 1, 016 3 2 43.9 26.0 
606 572 1 2 21.8 46.1 
236 21 SOA SSS cid gah eee 47.4 
otal ek ce 4,749| 6,704 | 23 | 21 63.8 41.3 


rr ee ee 
1 Source: ‘‘Estimated Number of Survivors in Hiroshima City in 1950,’’ Preliminary Report, Death 


Certificate Survey. 
2 Source: Listing of Leukemia Cases in Hiroshima and Nagasaki, September 1955. Cases are restricted 


to those in persons resident in Hiroshima at the time of diagnosis, and described in the listing under the 
heading, Diagnosis Acceptable. 
Leukemia rates in USA as listed on the 1951 record of Vital Statistics 
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The preceding tables and graphs clearly indicate that the incidence of leu- 
kemia increases with the dose of radiation. The incidence of radiation com- 
plaints at 2000 to 2500 meters is open to question since the dose received at 
these distances was between 8 and 35 r according to the best source of informa- 
tion. It is noteworthy that radiation complaints are based on late interroga- 
tion and not on medical records by competent observers at the time of the bomb- 
ing and as such are prone to subjective error in memory by the individuals in- 
terrogated. At closer distances this possible error is probably negligible be- 
cause of the unquestioned and recorded histories of radiation injury. The peak 
incidence of onset appears to have been passed in 1951; however, scattered cases 
are still being observed, but relationship to confirmed previous exposure to ra- 
diation injury is obscure. 

Since precise data on the radiation doses received at Hiroshima and Nagasaki 
have not been made available to the ABCC it is not possible to set a “Dose thresh- 
old” for induction of leukemia in man by whole body radiation. Such informa- 
tion is vital to the future welfare of human beings who may be forced to live 
in contaminated areas. In addition, with the growing belief that there may not 
be threshold levels for radiation effects it becomes absolutely essential to obtain 
the most reliable estimate of the exposure wherever osbervable effects have been 
detected. 

In Japanese atom bomb survivors the leukemias have been predominantly 
myeloid. However, Dr. Furth of the committee emphasizes that radiation in- 
duced lymphatic leukemias in Europeans have been observed. In this connec- 
tion it is of interest that lymphatic leukemia is a rarity in Japan suggesting 
that radiation is prone to induce the type of leukemia that might occur spon- 
taneously. 


Hematologic changes preceding development of obvious leukemia 


In the course of studies on Japanese atomic bomb survivors, observations 
on hematologic changes preceding development of overt chronic myelogenous 
leukemia were made in a number of cases. In routine surveys, blood studies 
revealed evidence of a generalized proliferative effort by the bone marrow, 
many months before obvious evidence of leukemia. These manifestations were 
the presence of a small per cent of myelocytes and metamyelocytes, and a very 
striking increase in absolute numbers of basophils, in the peripheral blood. 
These changes were accompanied by increaed numbers of platelets and occa- 
sional normoblasts. Beginning in November, 1952, biochemical studies on the 
separated leukocytes demonstrated that in these early pre-clinical cases of 
leukemia, the polymorphonuclear leukocytes contained very little alkaline phos- 
phatase. These alkaline phosphatase values were similar to those reported by 
Valentine et al. for neutrophiles in well established cases of chronic myelo- 
genous leukemia. , 

Subsequent studies in chronic myelogenous leukemia, employing histo-chemi- 
cal as well as biochemical methods, have shown that 2 per cent or less of seg- 
mented polys contain even small amounts of alkaline phosphatase. In contrast, 
in other conditions with increased polymorphonuclear leukocytes such as infee- 
tion and myeloid metaplasia, the alkaline phosphatase values are high and prac- 
Head all segmented neutrophiles contain large amounts of alkaline phospha- 
ase, 

It has been postulated that the leukemic cell is deficient and in the precursor 
stage of development of leukemia, two populations of cells are present with the 
leukemic type increasing in number until a typical leukemic blood picture is 
evident. It has been the experience of some of the Subcommittee members 
that cases of “bone marrow failure” may terminate in leukemia. 


EFFECTS OF REPEATED LOW LEVEL EXPOSURE 


Increasing numbers of human beings are exposed to repeated does of radiation 
frequently at very low dose levels. Thus in industry and in AKC installations, 
in radiologists and radiological technicians, public health surveys and particu- 
larly those using fluoroscopy, and in repeated roentgenograms in medical and 


dental diagnosis, large populations are exposed to radiation at levels well in ex- 
cess of background. 


Sokar Effects of Atomic Weapons, U. 8. Government Printing Office, Washington, D. C., 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 189] 


There are several studies on radiologists and radiological technicians, indi- 
cating that statistically the blood counts of such individuals may be altered. Sim- 
jlarly from the vast number of counts on individuals exposed to low level radi- 
ations at AEC installations, there is evidence that the so-called maximum per- 
missible dose may result in statistical alteration in the blood count. The pos- 
sible significance of these small changes is not clear. The slight decrease in 
neutrophiles or lymphocytes count has little or no significance in itself. It 
would appear that its significance in relation to the later development of leu- 
kemia or other disease that shortens life span should be investigated. Rec- 
ommendations to this effect are given below. Data are available on the hema; 
tological effects of exposure to radiation up to 10 times background. The drink- 
ing water of prisoners at Joliet prison in Illinois contain 20 times the radium 
content of the drinking water of neighboring communities. Extensive study 
has failed to detect differences ascribable to the increased radium content of the 
drinking water. In the course of radiotherapy for relatively benign conditions, 
it seems clear that serious late effects can result from a single exposure or a 
series of exposures to x- or isotopic radiations. Thus thyroid cancer has re- 
sulted in children given x-radiation for thymic enlargement. Similarly, leu- 
kemia has been reported in individuals receiving repeated x-radiation therapy 
for spondylitis, and in patients receiving repeated I-131 for thyroid cancer. 


USEFULNESS OF HEMATOLOGIC STUDIES IN CONTROL OF RADIATION INJURY 


A large effort at great expense was made by the AEC during the development 
of atomie energy to determine if routine hematologic studies would detect low 
level exposure to radiation. It was the consensus that frequent routine studies 
on personnel exposed to low levels of radiation have a limited value that does 
not justify the expense. Physical control of the environment by radiation mon- 
itoring is an effective means of maintaining a safe environment, and nothing 
is gained by widespread hematologic studies on personnel. However, it would 
not be wise to dispense completely with hematologic studies since it is important 
to have pre-exposure levels in the individuals who may be exposed to radiation 
such as with those accidentally exposed to fallout radiation. Had base line 
studies been available relative depression and recovery time as a function of 
dose could have been more precisely determined. Accordingly it is believed 
that periodic, perhaps annual hematologic studies should continue on limited 
groups of individuals who run a greater risk of accidental Over-exposure. Cer- 
tainly, all individuals who have been exposed so accidentally at dose levels of 25 
r or more of essentially whole body radiation (single exposure) should have 
periodic systematic studies to determine the degree of hematologic depression 
and the recovery rate. These individuals should remain away from an environ- 
ment where further overexposure is likely until the dose received has been amor- 
tized at the rate of 0.3 r/week. The latter is suggested because clinical radia- 
tion therapy experience indicates that individuals who have been exposed pre- 
viously as a result of local therapy or whole body exposure show greater hema- 
tologic depression following further whole body radiation. A more fruitful 
field of hematologic study in relation to chronic radiation exposure would appear 
to be the periodic study of phosphatase content of the neutrophils and number 
of basophils, on limited populations, who are known to be exposed chronically, 
such as radiologists, urologists, orthopedists, x-ray technicians, and dentists. 


RECOMMENDATIONS FOR RESEARCH 


A. Recommendations With Respect to the Acute Hematological Response of Hu- 
man Beings to Radiation 


(1) The Japanese data from Hiroshima and Nagasaki bombings should be 
further analyzed in respect to: 
(a) Duration of depression of leukocytes as a function of distance and 
shielding (dose). 
(b) Leukocyte counts at various intervals in relation to ultimate survival. 
(c) Survival time as a function of distance and shielding (dose), and of 
age. 
ea) The degree of initial blood count depression in relation to the later 
development of leukemia and other late disease. 
(2) Additional and intensive studies should be initiated on human beings re- 
ceiving radiation to the whole body or large portions of the body in the therapy 
of malignant disease. Particular attention should be given to the time course of 
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peripheral blood counts for several weeks following exposure to different doses, 
and the nature of the clotting defect.’ 

(3) Initiate studies on the cause of death in animals in which death from 
hemorrhage and infection have been prevented. This refers to deaths within the 
first few weeks, as opposed to the much later deaths from nephritis, neoplasia, | 
etc. 

(4) Although nothing of practical value is now available for the specific 
therapy of acute radiation injury, it is urged that further research be pursued 
on the fundamental defects produced by ionizing radiation on mammalian sys- 
tems. Medical experience has shown that rational therapy is only developed 
when the basic physiologic defects are understood. With this in mind further 
research is needed. However, it would be unfair to the public to imply that ef- 
fective therapy can be expected in the near future or indeed that overwhelming 
doses are ever likely to yield to therapy. 


B. Recommendations With Respect to Long Term Effects of a Single Exposure 
to Ionizing Radiation 

(1) Periodic hematologic surveys should be performed on the Marshallese and 
Americans exposed to fallout radiation in March, 1954. Careful study for cyto- 
logical changes mentioned above, especially basophilocytosis and immature leu- 
kocytes, and routine bistochemical studies for alkaline phosphatase (using pe- 
ripheral blood smears and either Gomori’s Cobalt technique or the azo dye 
method) should be carried out. In suspicious cases, biochemical determinations 
for alkaline phosphatase on separated leukocytes should be done. In view of the 
long “latent period”, studies for many years after exposure if not for life, are 
essential. 

(2) The cytologic and histochemical-biochemical studies might well be em- 
ployed in surveys of radiologists and other chronically exposed groups. 

(3) The present concepts of leukemoid reactions and myeloid metaplasia, and 
the relationship of these disorders to leukemia are obscure. Further studies 
on the enzyme and metabolic activities of leukocytes in these disorders may lead 
to a better understanding of radiation effects on myeloid cells and the role of 
irradiation in leukemogenesis. 

(4) It is generally recognized that routine hematologic studies of potentially 
exposed individuals are wasteful and unproductive. However, studies on select 
groups by routine and newer techniques are highly desirable, e. g., radiologists, 
physicist. 

(5) It was the consensus that it would be desirable to know the incidence of 
leukemia in WW I soldiers who were exposed significantly to mustard gas. 

(6) Pediatricians have fluoroscoped newborn babies, and a considerable dose 
of whole body radiation may have been received. A long term follow-up on 
these exposed children is needed. 


C. Recommendations With Respect to Effects of Repeated Low Level Exposure 


(1) Since there are geographical locations in which the known radiation inten- 
sities vary considerably, it is felt that the incidence of leukemia should be estab- 
lished in: 

(a) Island populations (low background except Baltic Islands) 

(b) Andes (high background) 

(c) Prison and civil population in Joliet (radium content in water higher 
than normal) 

(2) It was the consensus that a ceaseless search should be continuously made 
for other harmful agents in the atmosphere and our modern diet. It is genuinely 
felt that preoccupation with radiation may obscure other equally hazardous fac- 
tors in man’s environment, 

CONCLUSIONS 


At the commencement of the deliberations there was some question in the minds 
of the Subcommittee as to the objectives and the reasons for establishing it. 
However, in the course of the discussions it became apparent that in addition to 
the confusion in the minds of the public there also exists some large gaps in 
knowledge essential for the understanding and quantification of radiation hazards 
in the world of today let alone the world of the future. The immediate effects of 
direct exposure to high intensity radiation are well documented and the relation 


® One member of the panel reactivated the heparinemia concept of radiation hemorrhage 
by describing the cessation of bleeding in an irradiated individual with thrombopenia 
foilowing injection of protamine, an antibeparin agent. 
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of dose to effect is known with some degree of confidence, even though certain 
hiatuses exist that are listed in the general discussion and recommendations, In 
the realm of chronic exposure it was recognized that the unavoidable background 
level of radiation was known to vary with seasons of the year, geographical loca- 
tion, and altitude above sea level. However, world-wide levels do not seem to be 
known with sufficient accuracy to determine when a rise in atmospheric level of 
radiation is definitely occurring. Since there is little quantitative information on 
the relation of dose to effect under conditions where harmful effects were observed 
it becomes vital to ascertain natural levels of radioactivity and to try to establish 
the level of atmospheric radioactivity at which detectable chronic effects might 
conceivably occur. However, with all of the recommendations contained in this 
report, it is believed that a “crash-type” research program to obtain needed 
information is not indicated. 
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INTRODUCTION 


The literature was searched for references relating to the effects of radiation 
on blood and blood-forming tissues of man. In this bibliography, radiation in- 
cludes radiation from neutrons, alpha, beta, gamma rays, A-bomb, x-rays and 
internally deposited radioisotopes. References relating to ultraviolet, infra-red, 
microwaves, thermal radiation and visible light have been omitted. 

The following sources were checked :— 

Chemical Abstracts (CA) v. 1 (1907)-v. 48 (1954) 

Chemische Zentralblatt (CZ) 1897-1906 

Current List of Medical Literature (CLML) vy. 19 (1950)-v. 29 (March 
1956) 

Nuclear Science Abstracts (NSA) v. 1 (1948)-v. 10 (March 15, 1956) 

Quarterly Cumulative Index Medicus (QCIM) v. 1 (1927)-v. 53 (1953) 

Quarterly Cumulative Index to Current Medical Literature (QCI) v. 
1 (1916)-v. 12 (1926) 

Library Files 

In addition to the above sources, Zentralblatt fiir die gesamte Radiologie was 
also used to check references. References are available in the Research Library 
unless otherwise indicated. The secondary source, abbreviated as above in 
parenthesis, is given when possible for references not available at the Labora- 
tory. Journals have been abbreviated according to the Chemical Abstracts list as 
far as possible. In some cases where the authors initials were known, they have 
been added in parenthesis although they did not appear either in the original 
article or in the abstract. 

An effort has been made to check references for pertinency. This could not 
be done for some of the earlier references due to the lack of abstract journals 
covering the subject. It was necessary to rely solely on the title for many of these 
entries. 

Every effort has been made to make this bibliography complete. However, there 
is no way of knowing whether or not this has been accomplished. 
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TOXICITY OF INTERNAL EMITTERS 


The Subcommittee on Toxicity of Internal Emitters met on January 10 and 
11 at Argonne National Laboratory. They discussed the subject from many 
aspects including a certain amount of classified literature which is not referred 
to in this report but which it is believed would not alter the conclusions. The 
agenda were not followed literally in order to promote free discussion, so this 
report contains a Somewhat rearranged version of the discussion. 

Statement of the Problem.—The question of safe working exposure levels for 
industrial and laboratory practice has been intensively studied and is presented 
in the National Bureau of Standards Handbook 52. (Several members of the 
Subcommittee agreed that while this represents the best body of data and 
opinion. it is not the last word, in the matters of use of the biological half-life 
for all isotopes and the high relative biological effectiveness of alpha rays, in 
particular. It is thought that the Handbook will probably undergo some changes 
and that these changes will in general be in the direction of withdrawing a little 
from the conservatism with which the figures were originally reached.) 

Important matters of public concern are: (1) radio-elements (that is, fission 
or activation products) close to a ground burst of an atomic bomb; (2) more 
remote fallout; (3) gradual world-wide fallout, especially of strontium-90; (4) 
consequences of a nuclear reactor accident near a populated center. Other prob- 
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lems of course exist, but most of the answers will be encompassed in a considera- 
tion of these. 

The categories of data to be considered include: (1) acute and sub-acute radio- 
element toxicity and its relation to external radiation damage in an area of 
heavy contamination; (2) nature and dosage requirements of chronic radiation 
damage from various radio-elements; (3) physical, ecological, and physiological 
conditions determining absorption of radio-elements; (4) metabolic handling of 
radio-elements after their absorption; (5) therapy. 

Problems requiring special consideration were: (6) realistic appraisal of ab- 
sorption from the gut and retention in and absorption from lung; (7) influence 
of particulate or “hot spot” irradiation, especially in lung and skeleton; and (8) 
permissible dosage to a large “innocent” population in relation to that to indus- 
trially exposed persons for which the present levels are drawn. 

‘The nuclides considered in particular fall in the following groups: 

(1) Radium, strontium, barium, calcium ; readily absorbed with long-term re- 
tention in the skeleton. 

(2) Iodine; readily absorbed, of short physical half-life but highly concen- 


trated in the thyroid. : 
(3) The rare earths, yttrium, and plutonium and other actinides; nearly 


insoluble and poorly absorbed. ) 

(4) Ruthenium; absorbability ambiguous due to multiplicity of chemical 
forms. 

(5) Cesium; in all probability readily absorbable. 

(G6) Activation products, various and unpredictable, generally considered 
unimportant. 

Of the above, strontium and {iodine received the most consideration. The 
background of natural radioactivity was also given consideration because of its 
relation to large population exposure. 

Fallout Conditions.—The larger particulates fall out first and smaller ones 
at a greater distance, for obvious physical reasons. Fission products are plated 
on the larger, near-in particulates, probably reducing their absorbability. The 
strontium isotopes, since they exist for a short period after fission as krypton 
isotopes, escape to some extent from entrapment in larger particles; accordingly, 
they appear in a smaller ratio than their fission yield in the near fallout and 
are somewhat enriched at a distance: also, they appear as smaller particles 
and are more readily absorbed. Rabbits analyzed in Nevada showed a higher 
skeletal concentration at 133 miles from the test than at greater or less distances. 

A detailed study of the effects of the fallout from the thermonuclear explosion 
of March 1, 1954 on the Marshall Island inhabitants, which is to be published 
soon (see Cronkite et al. in the references) discusses the body burden from 
material absorbed into the human body under the conditions of exposure 
encountered there. Estimates based on excretion rates indicate an initial body 
burden of Sr® of about the permissible amount, while the I retained is esti- 
mated to have delivered a thyroid dose of the order of 100 rep. Other radio- 
elements (including Ca“ and fissile material) are relatively negligible. The 
opinion of the Subcommittee, that products of neutron activation would be 
unimportant beside fission product activities, is borne out by this. Data in 
Table I, from a Japanese publication, are essentially confirmatory, and include 
autopsy findings which bear out the inferences from measurements on human 
excreta, It is noted that these low levels of internal contamination existed 
in persons who received a significant fraction of the human external lethal dose 
from gamma radiation. 

The chemical nature of fallout elements has apparently not been well enough 
studied to yield many useful inferences about absorbability. 

Acute Tozxicity—This would be encountered in pure form only in the event 
of absorption of specific products. In exposure to large amounts of mixed fission 
products or by inhalation in a fission cloud, external gamma and beta radiation 
would be expected to be by far the predominant source of injury. 

Acute toxicity from a variety of isotopes generally manifests itself as acute 
radiation sickness. In combination, bone-seeking and colloidal isotopes act 
synergistically, due in large part to the fact that spleen and bone marrow are 
both irradiated in the combined treatment. Feeding of insoluble beta emitters 
may cause intestinal death, but only after enormous doses, because of the rapidity 
of their passage through the intestinal tract and because in those places where 


they remain the longest most of the energy is absorbed by the fecal material 
which is present there. 
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Subacute changes depend on the distribution of the element in the body. 
Hematologic effects are, of course, seen where bone marrow or total body irradia- 
tion predominate, and it might be mentioned that strontium-89 or 90, although 
they produce marked hematologic changes and acute radiation syndrome, produce 
no or almost no leukemia in mice. The doses required for these subacute changes 
may be an order of magnitude below those giving acute toxic symptoms. Prema- 
ture aging, greying of hair, retinal changes, reduced blood volume, and changes 
in the blood colloids have been observed in dogs given radium and plutonium 
but not with strontium-90. No explanation of this is available, but these are 
animals run in parallel experiments. Arterial calcification also occurs in rats 
after they are given radium in subacute doses, but has not been seen with other 
nuclides. 

Chronic Toxicity: Site of Injury.—It may be: stated generally that the more 
important nuclides will act quite differently depending on the route of adminis- 
tration and their absorbability through the lung or gut, it being generally assumed 
that these will run parallel. 

Materials such as yttrium, the rare earths, and plutonium are very little 
absorbed by either route, and the predominant hazard will therefore be to the 
lung. Those with experience in this agree on a general picture of the fate of 
inhaled, optimal-size particles (those most likely to gain access to the alveoli) 
in the range of 0.1 to 2.0 microns in diameter. About 25 per cent of this material 
is exhaled at once; 50 per cent is trapped in the bronchi and is carried up and 
swallowed within a short time (the half-time being about 9 hours); 25 per 
cent is deposited in the alveoli and, of this, three-fifths reaches the gut, by 
way of respiratory passages, leaving a 10 per cent deposition in the lungs. That 
fraction disappear’s in cases of inhaled radium sulfate in human cases which 
have been followed, with a half-time between 100 and 200 days, a very small 
amount being absorbed. 

Absorption of these insoluble materials from the intestine is taken as 0.003 
per cent. That was a consensus and obviously may not refer to all possible 
circumstances. Speaking generally, 10-* is about the highest figure for intestinal 
absorption which would be found under most conditions. There appears, how- 
ever, to be an exception in very young animals. Mice before 16 days of age 
absorb 2 to 3 per cent of plutonium administered either as the citrate by stomach 
tube or in milk from a plutonium-poisoned animal. From milk it continues to 
be absorbed in the ratio of 1: 300 by young adult mice, although when it is present 
as the citrate itis not. Parenthetically, one suspects that this reflects an ability 
of the very young animal to absorb particulate material from the intestinal 
tract, for example, the milk factor. No data are available on other species so far 
as is known. Citrate does not promote absorption of plutonium in post-suckling 
animals but versene does. 

Soluble materials are presumed to be absorbed both from alveoli and intestinal 
tract. Thus the route of entry becomes a matter of indifference. Absorption 
of specific elements will be discussed later. 

As to whether any insoluble materials may be handled by plants in such a 
way as to promote their absorption, there is no positive information. They are 
generally not taken up by plants as well as by animals. It is reported, how- 
ever, that for some reason hickory concentrates yttrium from the soil. 

Effects on the Lung.—One microgram of plutonium (or 0.06 microcuries) in- 
troduced into the mouse lung as an “optimal” aerosol has proved toxic after a few 
months resulting in bronchial metaplasia, cellular infiltrations, and fibrosis, and 
carcinomas appeared after a year. The retained amount at that time has gone 
down to about one-twentieth of the dose administered, which is about what one 
would infer from the calculations stated above. Ruthenium administered in a 
similar way also produces pathologic changes, but data are not sufficient to in- 
dicate effective dose comparisons. It may be added that fibrotic changes occur 
in the human lung after 2,000 r of x-ray and rather regularly after 3,000 r. The 
Subcommittee on the respiratory tract headed by Dr. Wager has reported in 
greater detail on this topic. 

Ruthenium.—The chloride of ruthenium is absorbed from the rat intestine to 
the extent of 3 per cent. This value is probably higher than for most of the 
chemical forms, except of course the tetroxide vapor which, if it were encoun- 
tered (which is unlikely) would be well absorbed from the lung; this has been 
shown experimentally. 

After absorption of ruthenium the chronic effects would most likely be in the 
skeleton, based on tracer work and some medium level toxicity work. While 
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ruthenium was found in animals after the Australian test, it is generally con- 
sidered to be much less important than strontium, 

Cesium.—The gamma ray of the cesium isotope 187 has been seen in normal 
individuals in the last year but in an amount of radioactivity far below that of 
body potassium. It was encountered as a deformation in the gamma spectrum 
of total body potassium and radium. No additional information is available, 
except that it appears to be somewhat variable and it my be correlated with 
the intake of milk, which apparently is, relatively speaking, a fairly rich source 
of radioactive cesium. 

Activation Products—Calcium was mentioned as a component of the Bikini 
ash, but toxicologically speaking would be a very minor contaminant of stron- 
tium. Activation of usual environmental elements would also yield correspond- 
ing minor amounts of insoluble material (rare earths and silicon) plus P®” and 
Na*, It was reported that Zinc® was formed in high concentration in muscles 
of post-test Pacific fish, and it is recognized that other unexpected nuclides 
might turn up under specialized conditions. 

The Alkaline Earths.—Strontium has quitely properly received major atten- 
tion. It is a bone-seeker like the others of the series, and there is ample experi- 
mental evidence of its carcinogenicity in both masses 89 and 90. Since the best 
available human data regarding absorption and toxicity are from radium cases, 
this occupies first attention. 

Metabolism.—Human radium retention in the age range 20 to 35, based on @ 
24-year follow-up, is described approximately by a power function of time with 
an exponent near —0.5; that is, retention varies as the inverse square root of 
time, being about 50 percent of the injected dose at the end of one day and fol- 
lowing this function thereafter. » 

It may be remarked that indeed the retention ef most absorbed materials of 
whatever nature can best be described by a power function unless one wants to 
construct a series of exponentials, although it may actually be a series of many — 
exponentials. In all instances that have been carefully studied, even that of 
the retention of tritium oxide in the form of water, several exponentials exist. 
The rare earths and actinides show a much less steep slope than the alkaline 
earths. 

There is also a species difference; the dog has a slope of —0.2 to —0.3, depend- 
ing on age, which makes a great deal of difference in the accumulated dose in’ 
this animal. 

Integrating this function in man, the cumulative radiation dose, assumed after 
a very brief period to be limited to the skeleton, goes up as the square root of time, ' 
and the rate of loss by excretion relative to the amount retained (specific loss), 
varies inversely with time. This gives one a way of determining when an expo- 
sure took place. It has been pointed out that this function gives a quantitative 
picture very different from that assuming an exponential half-life (which based 
on loss by chronic patients, where the loss is very low after 20 years, becomes 
very long). 

It is clear, if this expression is correct, that throughout a human lifetime a’ 
man would accumulate little more than 100 days’ intake. Observations on adoles- 
eee indicate that the accumulation to age 17 represents about 40 days’ 
intake. 

Evidence now bein accumulated in at least two clinics indicate that stron-° 
tium-85, which is given because it is less toxic than the beta emitting isotopes, is 
handled by men in a nearly identical manner to radium. The initial loss varies 
considerably with age, being least in the younger individuals. 

Toxvicity—The best available data on radium toxicity brought to our atten- 
tion deal with a series of patients that received known amounts of pure radium 
chloride 24 years ago and were followed. The assumed minimum burden pro- 
ducing serious disease after this period has been taken as 1 microgram, but this 
has been questioned because of the fact that other preparations were in many 
cases contaminated with meso-thorium and, perhaps more seriously, with radio- 
thorium. One bone tumor has appeared in one of these patients having 3 micro- 
grams pure radium. The patient with the lowest burden in the series, that is, 
0.4 microgram, shows diffuse minimal changes by x-ray, whereas other patients 
at higher doses from 0.6 to 1.0 microgram do not show detectable changes at 
this time. It can be assumed that the belief that the lowest effective burden is 1.0 
microgram of pure radium is probably not in error by more than a factor of 2 from 
the standpoint of effects at 20 to 25 years. 

Assuming the power function of —0.5 cited above, it can be shown that the 
total radiation dose accumulated at any time is equal to twice the time multiplied 
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by the burden. Taking the mass of the skeleton as 7 kilograms, some accumulated 
dosages are givenin Table II. 

Strontium 90—Radium Comparison.—Data on late toxicities of strontium and 
radium in small animals have indicated that a factor of 10 on an energy basis 
is roughly correct. This would suggest that alpha and beta radiations are rela- 
tively equivalent in.terms of energy. This may be approximately correct, al- 
though the relative biological effectiveness of alpha radiation to x-ray of 10 is 
presently assumed in calculating permissible doses where experimental data 
are lacking. 

Relative Biological Effectiveness (RBE), Alpha and Beta Rays.—Alpha rays 
from slow neutron absorption in animals containing boron, have indicated that a 
factor of 1.4 relative to X rays is roughly correct. Experiments with inhaled 
radon and injected radon show factors of 1.4 to 1.5 for acute effects, and 3.0 
for chronic effects. The RBE for mice seems to pass through a maximum around 
the ionization density of fast neutrons. Observations on yeast also show a maxi- 
mum in the intermediate range. The consensus is that a radium to strontium—90 
factor of 10 may be a little low but not as low as it was formerly assumed. It was 
agreed by the Subcommittee to calculate radium and strontium both in roentgen 
equivalents for the present, although this may give strontium a small additional 
factor of safety over radium, 

Absorption of Strontium.—There are considerable variations in the degree of 
absorption of strontium depending on the contents of the gastrointestinal tract 
and the demand for calcium. Absorption of radiostrontium by plants has been in- 
vestigated, and it appears that the uptake is relatively independent of the con- 
centration of carrier; in other words, it is taken up as a contaminant of the 
water absorbed. This breaks down only at high levels, where radiation effects 
on the physiology of the plant enter in. Under fallout conditions, it may also 
be deposited on leaves. Experiments have indicated that, under a variety of con- 
ditions, between one and ten per cent of the strontium—-90 in the soil is available 
to a crop of plants. About five per cent of the strontium taken up by the plants is 
then retained by animals foraging on them after two to four weeks. 

Data on the actual stronium-90 content of biological materials and human 
beings as a result of past and present fallout have indicated that human bones 
have now reached an amount equal to one-thousandth of a microcurie (that is, 
of presently accepted permissible human skeletal content) in young children, 
declining to approximately zero in persons above 40 years of age. Such calcium- 
rich sources of the isotope as cheese and milk yield values which are higher in 
respect to the Sr”: calcium ratio. 

Another way of looking at the same question is to consider uptake. When this 
is done, it appears that the strontium retention in man from the diet is 0.3 to 0.6 
times what it would be if strontium were an ideal tracer for calcium. 

Radioiodine.—Under existing fallout conditions, cattle in Tennessee have shown 
up to 10-* uwe/gm of thyroid, but human thyroids have not shown more than 
1/100 of this concentration. External counts on monitors in the Nevada test 
areas have shown not more than 10-* we/gm of thyroid, with all probabilities in 
favor of a smaller concentration. In view of the short half-life of I-181 it can 
be concluded that the hazard of bomb tests from this standpoint is negligible. 

It has been suggested that the human thyroid is less radio-sensitive than other 
tissues, such as bone, since after many years of treatment of Graves’ disease with 
radioactive iodine, no cases of resulting carcinoma have been reported. The cus- 
tomary dosages of I™ in such cases yield at least 4000 rep to the gland. On the 
other hand, carcinoma of the thyroid found in children and young adults has al- 
most invariably been preceded by x-ray treatment to the upper part of the body, 
in amounts such as to yield as little as 200 r to the infant thyroid. It has been 
estimated that less than 3% of such treated cases yield carcinoma; nevertheless, 
the data suggest that 200 ris a potentially carcinogenic dose to the infant thyroid. 
While the possibility exists that the carcinogenic action may be an indirect, hor- 
monal one, it must still be recognized that this, like leukemia, is an instance of 
significant carcinogenesis by less than 1000 rep. It seems likely that the infant 
thyroid is unduly suspectible, but that the adult thyroid is not. 

Radiation from Particles and Hot-Spots—One matter which has caused some 
concern is the effect of intense radiation of a few cells from particulate sources 
of radiation. 

The only available experimental evidence that bears on this question is an ex- 
periment in which the skin was irradiated with beta rays, diffusely over the sur- 
face, and by point sources yielding the same amount of radioactivity. It was 
shown that the point sources were considerably less efficient. 
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In the case of the skeleton in chronic radium or radiostrontium poisoning, a 
large part of the dose is from the hot-spots due to concentration of the radioactive 
material in a few haversian systems that were forming at the time the radio- 
element was administered. All of the integrated skeletal dosages shown in table 
2 (except from X rays, where the bone dose is about four times the air dose given) 
must therefore be looked at with the consideration that the maximal dose in these 
hot areas is about ten times as great as the average. 

Permissible dosage to Large Populations.—This is a matter on which no com- 
plete agreement was reached by the Subcommittee. First responses to this ques- 
tion ranged all the way from the permissible industrial level down to no radiation 
at all. The uncertainty existing here stems from our ignorance as to whether 
there is a true threshold for such late effects as malignant tumors, and as to the 
degree of variation in response to equally exposed individuals. 

It was agreed that the only rational approach must take into account the natural 
radiation background to which the population is exposed. Figures on this, from 
various sources, are given in table II. It is noteworthy that considerable differ- 
ences exist from place to place, due mainly to differences in gamma radiation from 
the environment, and in part to variations in radium content of individuals. 
Since these existing variations have not given rise to any changes in incidences 
of tumors or other pathologic states sufficient to attract attention, it was felt that 
an amount of internal radiation sufficient to double the large population back- 
ground could certainly be considered safe. 

Part B of table II shows integrated skeletal radiation dosages which have 
given rise to various degrees of pathologic change. Two patients from the Elgin 
Hospital series are included, since it is known that pure radium was administered 
and the retention curve has been determined. It is noted that tumors require 
dosages in the thousands of rep ; that observable pathologic changes have required 
a few hundred; that the natural background (including skeletal radium) varies 
from T to 30 in a lifetime (higher in isolated areas, perhaps) ; that large popula- 
tions in high radium areas approach 5 rep in a lifetime from natural skeletal 
radium alone; while 1/1000 of the permissible strontium burden yields 0.2 rep in 
a lifetime. HExceeding this latter burden by fifty times would yield 10 rep in 70 
years. This would not more than double the usual low skeletal background 
radiation and leave it well within the range of values; the highest backgrounds 
encountered in any large areas would be raised about one-third. The general 
belief of the Subcommittee is that this would produce no perceptible effect. 

It is noted that the International Commission on Radiological Protection, using 
a somewhat more arbitrary procedure, has adopted a figure twice as great for 
the large population (one tenth of the industrial permissible level) so that there 
is a large measure of agreement, 

Therapy by Removal of Radioelements.—This subject was not discussed by the 
Subcommittee, but was treated thoroughly at a meeting in October, 1955, the 
transactions of which will be published by Argonne National Laboratory. A 
summary of the present status follows: 

Clinical and experimental evidence to date shows that there are two effective 
methods of removing radioelements from the body or prophylactically minimizing 
their deposition. These are the use of zirconium citrate and of chelating agents, 
particularly ethylenediamine tetracetic acid (EDTA). Both of these have their 
optimum effectiveness if given immediately after exposure. The use of the two 
methods in combination, at least experimentally, appears to be more effective 
than either one alone. 

The chelating agents are mainly effective in removing radiocelements from the 
soft tissues and causing their excretion. Under optimal conditions (that is, large 
doses administered early) they reduce bone deposition by a factor of two. They 
are effective on the transuranic elements and rare earth fission products, but for 
known chemical reasons they are not effective on the alkaline earths such as 
strontium and radium. 

Zirconium citrate appears to be effective as therapy for almost all types of 
fission products, as is to be expected from the postulated modes of its action. It 
is particularly useful in minimizing bone deposition of radioelements and if given 
early, at least in the dog, it has been shown to remove almost all the plutonium 
from all the tissues. 

No method has yet been developed for the removal of significant amounts of 
strontium. From the chemical standpoint the only promising approach to date 
appears to be one using agents which pick up the radio element by cation exchange, 
such as zirconium citrate, Other experimental approaches, particularly involving 
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dietary and hormone therapy with known influence on skeletal metabolism, are 
under investigation without clear clinical implications at present. 

Treatment of individual situations will necessarily be influenced by consider- 
ation of route of entry (e. g. lung or in a wound) and the isotopes involved, bearing 
in mind that most of the experimental work has dealt with intravenous adminis- 
tration and that clinical experience to date has been severely limited. 


TABLE I.—Data on Fallout (calculated from Tsuzuki, loc. cit.) 
A. ANALYSIS OF “ASH” FROM TEST OF MARCH 1, 1954, MADE ON MARCH 26 





Percent of total ac- 
tivity on March 26 | Relative 

















Isotope Half-life atomic | Fission 
yield yield 
Measured| As of 
Mar. 1 
Fission products: Percent 
Hep chee PES Sua SR a af PSNR ce Sada ed Se 53 d. 1.0 1.4 74 4.6 
Oren rece tocennceeetwendweweuvwese 4 Mave 0. 04 0. 04 200 5 
IC ECIN LS Coreen ete ae eens eee ee ne Pee 65 d. 8.0 10. 5 (500) 6. 4 
EEL LO SO ne a ES ee Siem en ab ae fer at ig 61 d. 8.0 10. 8 660 5.9 
R108 5106» "Pe l20 198s! [191 188 eo keene Lelaceccenec-ue 15.0 ? ? 13.5 
Baise etadul vie eee sess led gle a Solos 12d. 11.0 50 300 6.1 
CLS ne MRS ES i a a eS ee 33 d. 7.0 12.3 410 6.0 
WelttePrisi - nee rare Aye oye: Ais Seen 282 d. 4.0 4.3 610 5.3 
Ra eet oe ee ee ee ee pee 14d. 16.0 59 830 6.0 
Nate Se Se ee Nee” PEE CASS Pee cee 11d. 9.0 46 510 2.6 
(Relative to fission 
yield) 
Bee Products: 
ae ee IS a tt te See ese 87 d. 0. 05 0. 06 5.2 0. 05 
Cea Bee eee ne i. Sok een a camam em eee 152d 0. 2 0. 22 34 0.3 
Other: 
U2 Ree IRMA SAR a ees 7d. 20 260 1, 820 18 
© 246 EL ap pee A 5 ee ae i Pe a Se A rey Se Ca 24, 000 y. 0. 0004 0. 0004 8, 500 35 





Note: After extrapolating activity back to March 1, relative yield is obtained multiplying by the half-life 
in days. Where 2 isotopes were measured, half of this value is taken for the parent; an intermediate value 
was taken for Zr% since the daughter has a 35-day half-life, 


B. ANALYSIS OF AUTOPSY MATERIAL 207 DAYS AFTER THE FALLOUT 
(FIGURES IN uc x 102 PER KILO WET WEIGHT) 





Liver Kidney Lung Muscle Bone 








Rutandsle scenes Piven ns pssilosd las i Pt ths OOF bee tdceeucs 0.2 2 
Corrected for decay. (as Rw!) oo Sennccp aw adendicerch lance utennae 5 I ay iain wr alhor 0.3 3 
BEY ONL IN eee ae ee ae Seen Soe PRD ne ene 1 1 0. 4 0.3 2 
Corrected for decay iki ee tees 2 cds 9 9 8.6 Bit 18 
Cand (Prmictetlonss ws ot Satin tend otite 2 1 0.5 0. 5 20 
Morrectpdalor d6Ca yur oso aoe bt Sep opetsenckeuence 8.4 1.7 0.8 0.8 34 
ee eee Se eee ee Sc eee a acimasnace dete mas: 0.6 0.4 OlE pA eebeosk 1 
reer 07o7) 2s Oe Ae Ai AOR TIN 9.0 6.0 Liberiosscen£s 15 
SPL IN GAS YA We seeks raha SAS a Te ea in Le ae 0. 27 0.18 0 Obnie es 0. 45 





Note.—This indicates that internal radiation was well within permissible limits throughout, amounting 
to a few mrep/day. In the event the figures for prelgy Ce and Sr were transposed in the report, the Sr* 
burden appears to be at the permissible level. 
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T apie II1.—Background and effective radiation dosages 
A. NATURAL BACKGROUND RADIATION, MREP/YEAR 


a er Se ee UNECE ar OTST Eid as SE ae a ee WL ei Li rae 





Burch 
Libby and Sievert Other 
Spiers 
lip i ‘mare tall a ei oF Caan BA, AO a 
Cosmic: 
Sealevelia + tA 4r9SLCe oe Na 85 NGaer hs er cee Lea gives 730, which is probably 
in error. 
5,000 fepts Tat Sack coca anceee-onrat SOR Sete eae 
10,000 feet.< 2253-42 eas Se ane tane 1004s 28b eee se. ee alia ‘ 
16,000 fbet lances depend an Seas e yD ee ae Acer 
D000 Tehicectesd--<--nces-~aees~4— ie OF | ere nb wos = fone eee 
Earth gamma...-.-..---2---222-22--22-|2--2------ 58 94-296 | Sievert gives one value of 520, 
Harth, granites. 2a s45 a eee TO ise Ack Bo sl Be ene 
Earth, sedimentsry—4--¢~4.24-<+---<89- 730 ala ES LN bpp A 
Ove? 0C6ATL.2 ore ae AN eee eel e sr anman 
Body ee area eeaane eae seen 19 185 Dees ae 
Body, Olen ea: ee ee es 1.5 p AY ey [ete ET 
Body radium (dose to skeleton) -..--.-- a 7 a oe ra bpp ce ema Rochester, N. Y., value 16. 


i Extremes in I}linois. 


NotEe.—This emphasizes the variability in background, even at sea level. In various lecalities the value 
might vary from 100 to 420 mr/year; the latter might be taken as the maximum which any large population 
receives. 


B. VARIOUS LEVELS OF SKELETAL IRRADIATION (IN REP) 


Patient* with sarcoma (pure radium) at 24 years__-------------------- 6, 000 
1.0 we radium retained 24 years after dosage_____----------------------- 2, 000 
Patient* with minimal skeletal changes, 24 years___-_------------------ 800 
Permissible burden (0.1 wc) sustained 24 years_------------------------ 100 
Minimum dose of x-ray reported to induce tumor___--------------------- 1, 500 
Normal range of background radiation, external and internal, 70 years_--- 7-30 
High large-poralation Illinois radium level, 70 years-~-----~------------ 4.7 
1/1000 permissible Sr” level, 70 years_------------ jake ee a eee 0. 2 


Note.—patients cited are known to have received pure radium injections. In 
other reported instances where the thorium chain may have been included in the 
dose, the radium dose would be calculated as low as 300 rep. 


Recommendations.—The Subcommittee made the following suggestions in rela- 
tion to its study: 

Attention should be given to the physiological state of the animal in relation to 
absorption and toxicity of radioelements, particularly in the case of absorption 
through the usual routes (lug and gastrointestinal tract). Present information 
is partial and is practically limited to the alkaline earths and iodine. 

Further information on the retention of alkaline earths as a function of age and 
species and other variables, is needed. 4 

The relation of experimental data on life shortening to the probable picture 
in man needs Clarification, and further verification of the apparent lengthening 
of life at low doses. These problems are of importance in the isotope toxicity field 
as well as in relation to external radiations. 

The past work on distribution of various adioelements which have not received 
intensive study should be extended, since unusual radiochemical toxius may be 
expected to appear occasionally. 

! Account should be taken of the applicability of the power function to the reten- 
tion of radioelements, since it would appear that in some cases the present intake 
levels are much too stringent owing to our past reliance on the half-life concept. 
Further critical evaluations of the RBE, particularly for alpha radiation, is very 
desirable for similar reasons. The RBE should be evaluated separately for the 
several modes of damage. 

It is believed that there may be a considerable number of persons who have 
received radium in the past, who are alive and not seeking medical help. Any 
means which could be found to obtain an unbiased group of individuals would 
be extremely desirable, since only in this way can the degree of variability in 
human response be estimated. For similar reasons, any promising environmental 
study involving areas of different natural background should be encouraged. 
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PERMANENT AND DELAYED EFFECTS OF IONIZING RADIATIONS FROM 
EXTERNAL SOURCES 


I, INTRODUCTION 


While it was recognized soon after their discovery that x-rays and the radia- 
tions from radioactive materials could cause acute injury to living tissue it did 
not become apparent until later that they could also give rise to more subtle 
permanent and delayed effects which are of prime significance in considering the 
problem of permissible human exposure. 

Laboratory studies of long term effects have been relatively few, partly be- 
cause their importance was not early appreciated and partly because they are 
very expensive and time consuming owing to the necessity for maintaining con- 
siderable numbers of animals for all, or most, of the their normal life spans. In 
consequence the data on late effects in animals are meager in certain areas. Such 
data as there are in man are sufficiently in agreement with those on other mam- 
mals to lead to the expectation that extrapolation from lower mammals to man 
will be possible with fair accuracy. 

It is the present purpose to review the long term biologic effects (other than 
genetic) of radiations from external sources, with emphasis on man, although 
results of animal experimentation will be drawn upon to illustrate fundamental 
principles and mechanisms in radiation biology. 


Il, PERMANENT AND DELAYED EFFECTS OF IONIZING RADIATION IN GENERAL 


If animals, which have been irradiated, escape death initially they appear to 
recover but tend to die prematurely. It is becoming established that in mammals, 
Shortening of life span is a general effect of whole body exposure to ionizing 
radiation. 

There has been a tendency to seek the cause of premature death as a conse- 
quence of irradiation in increased incidence of specific disease, especially cancer. 
While this may be justified in the case of partial body irradiation from external 
Sources or from locally deposited radioactive materials, it probably is not for 
whole body irradiation. There is evidence that at the median death time popula- 
tions of irradiated animals have approximately the same incidence of the same 
diseases as do the controls at their median death time. This is more reasonably 
interpreted as indicating that irradiation produces primarily the syndrome of 
premature aging, with concomitant disease, rather than that it, in itself, induces 
all the diseases of advanced age. 

The major permanent and delayed effects of total-body irradiation may be 
listed categorically in terms of pathologic entities as follows: 

A. Increased incidence and/or Severity, at given ages, of disease entities to 
which particular animal species or populations are susceptible. This may occur, 
and probably usually does, largely as a result of accelerating the time of onset 
of these diseases and may therefore be considered a part of the acceleration of 
aging produced by irradiation. It appears that the clinical history of the animals 
is compressed or telescoped in time in these respects. Included with these disease 
entities are cancers of various types to which the animals are susceptible, and 
possibly also cataracts which develop late in a species in a manner similar to the 
development of cataracts with age in that species. 

B. Temporally accelerated involutional, hypoplastic or atrophic, and fibrotic 
changes in tissues and organs, which changes do not constitute individual disease 
entities but which are identical in appearance with those occurring during the 
“normal” course of aging. There is a high degree of correlation between the 
degree of temporal acceleration of this pathologie picture of accelerated aging 
and the size of total-body dose or daily dose rate. It should be emphasized, how- 
ever, that an accurate evaluation of the degree of acceleration of involutional 
changes produced by certain doses can only be observed in experimental animals 
at times, after single doses, long after maximum regeneration and repair of the 
Single insult has occurred, or with chronic irradiation, after irradiation has 
been stopped and recent acute effects on cells have repaired as much as they will. 

Although differences exist among species, some of the radiation-accelerated 
Senescent changes in tissues and organs which have been observed are: 

(1) Hypoplasia or atrophy of many tissues and organs, especially the thymus, 
lymph nodes, splenic lymphatic tissue, bone marrow, germinal epithelium, skin, 
and bone growth centers. Hypoplastic changes in hemopoietic organs are re- 
flected in lowered blood celJ counts. 
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(2) Fibrotic changes which are fairly generalized, but which are commonly 
noticed in blood vessels generally, in skin where there appears to be increased 
collagenous tissue and decreased or degenerate elastic tissue, in and/or around 
lymphatic organs and endocrine organs, and in the myocardium, where focalized 
fibrosis occurs with age. If the small arteries of the kidney are affected sufii- 
ciently, there may develop nephrosclerosis and hypertensive disease. 

(3) Pigmentary changes, including greying of hair and increases of pigments 
in cells of the epidermis, connective tissues, endocrine glands, myocardium and 
other tissues. 

General physiologic changes which are usually associated with aging and 
which may be accelerated by irradiation include, among others: decreased 
muscular strength and endurance, lowered recuperative powers and tissue repair 
capacity and speed, lowered fertility and potency, generalized reduction of elas- 
ticity, and increased blood pressure. 

Factors included in these first two categories are among those which consti- 
tute the general change which may be called “radiation-accelerated aging.” The 
fundamental mechanisms of this change are as incompletely understood as are 
those of “normal” aging, except that radiations and their known effects are 
recognized as accelerating agents. The subsequent development of the histologic 
changes in both radiation-accelerated and “normal” aging appear qualitatively 
identical. However, it is at present sometimes difficult to distinguish between 
accelerated aging effects and induced pathologic effects except by arbitrary 
definition. 

C. Induced disease entities or definitive effects, not necessarily specific for 
irradiation, which rarely occur spontaneously in animals of any age in the species 
in question, or certain effects and diseases whose know pathogeneses may differ 
from those occurring in the aging process but which may produce similar final 
results. In the latter case such effects occur earlier than the specifically com- 
parable effects associated with accelerated aging. 

Included in this category are, among other effects: 

1. Nephrosclerosis and related hypertension produced essentially by the rela- 
tively direct damaging effects of radiation on cells in the kidneys, e. g. components 
of vessel walls, so that this disease occurs well in advance of any considerable 
degree of acceleration of other senescent changes. According to some data, renal 
hypertension once established and progressive, may increase the vascular sclerotic 
processes in many regions throughout the body and these changes are sometimes 
associated also with progressive hypoplasia or atrophy of organs in which the 
vessels become fibrotic. 

2. Cataract formation which occurs well in advance of the generalized aging 
processes if the radiation dose to the lens has been sufficiently high to damage 
or destroy cells of the anterior epithelium and/or depolymerize the cement sub- 
stance between fibers. There are two general histologic types of radiation 
cataract, the purely vacuolar type, which is reversible, and the granular type 
which is irreversible. The senile cataract, although similar in the ultimate 
effect to radiation cataracts, is generally more progressive, occurs usually when 
other aging changes are considerable, and may have a different pathogenesis. 

8. Decreased fertility resulting from direct damaging actions of radiation on 
gametogenic cells and gametes. The mechanisms by which direct actions of 
radiations decrease fertility are quite different and more numerous, as far as 
we know, compared with those involved in decrease of fertility due to aging or 
accelerated aging. 

In senescence of the testis, as in testicular damage resulting from infectious 
and cachectic diseases and physical and chemical damaging agents, the sper- 
matozoa and more mature spermatogenic elements are affected first and most 
markedly in the seminiferous epithelium, and decreased fertility, if potency is 
retained, is due to lack of production of sufficient numbers of spermatozoa. In 
the case of the senescent ovary, there is depletion and/or failure of development 
of follicles, which is associated with a complicated endocrine disturbance. 

Irradiation effects on the gametogenic cells and gametes themselves may de- 
crease fertility in more than one way, prior to and in addition to, the effects 
involved in acceleration of aging, and these mechanisms, other than those genetic 
and relating to the fertility of future populations, are as follows: 

(a) by reducing the number of gametes produced through effects on primi- 
tive radiosensitive precursors of the gametes. This reduction may be partial 
or complete, or temporary with partial or complete recovery, or permanently 
complete, depending upon dose. The number of gametes produced may be 
reduced also indirectly by other diseases which irradiation causes or 
accelerates. 
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(b) by damaging in various ways the gametes produced so that they are 
incapable of fertilization. 

(c) by damaging chromosomes of gametes in such ways that they are 
capable of fertilization but produce zygotes which are incapable of complete 
and normal development to full-term viable foetuses and die in utero. The 
results of such effects constitute the condition known as “semisterility,” 
which is genetically transmissible to viable offspring. 

4. Increase in incidence of other non-neoplastic diseases not common to the 
species even during the senescent period. There are not sufficient conclusive 
data in this area of the problem to warrant discussion, but it would appear 
worthwhile to indicate that research is needed in this aspect of the study of 
long-term effects of irradiation. 

5. Induction of neoplasms rarely, if ever, occurring spontaneously in a species, 
but caused by the destructive actions of radiation on specific tissues with the 
initial establishment of precancerous states. It is possible that the later in- 
fluences which cause the development of neoplasia from these precancerous 
states may be brought about by the same mechanisms which cause the develop- 
ment or accelerated development of the neoplasms which are of common occur- 
rence in the species with advancing age. 


III. PERMANENT AND DELAYED EFFECTS OF IONIZING RADIATION IN PARTICULAR 


A. The Shortening of Life Span by Ionizing Radiation 


Since there is some evidence that radiation effects depend upon the age of the 
animal at the time of exposure, some consideration will be given first to the 
lethal dose as a function of age. 

1. Lethal Dose as a Function of Age.—The average of median acute lethal dose, 
LD;.-30 days, for young adult mammals is similar for those species which have 
been studied and lies within or near the range 600 + 300 roentgens. While it is 
customary to refer to LD, of a given strain as if it were a specific property, 
independent of age, this is not justifiable. ; 

In the mouse the susceptibility is maximal at 30 days then decreases rapidly 
to that seen in young adults. In the rat, which has been studied more exten- 
sively, the LD; at three months of age is about double that at three weeks. 
Beyond three months it diminishes with age and there is some indication that, 
for the adult animal, the LDs. decreases about as the life expectancy. More 
study of this relation is required to make it wholly quantitative, but it is evident, 
now, that the susceptibiliy of a whole population is not describable by a single 
LD;. The published values are usually obtained from the young adult and are 
therefore maximal or nearly maximal for the strain. In attempts to estimate 
LD in man this age dependence should be taken into consideration. 

2. Life Shortening by Single Doses.—Hxisting data on rodents subjected to 
single whole-body doses of radiation are compatible with the view that life is 
shortened in proportion to the dose for doses less than about two-thirds of 
LD; In this range life shortening is about 25% of the adult span per LDso. 
With greater doses this effect increases more rapidly, attaining about 50% for 
survivors of LDs. No similar data are available for longer-lived mammals, or 
for man, but it may be possible eventually to obtain some estimate of the effects 
of single doses in man from the Japanese survivors. 

There are a few data from the rat indicating that shortening of life for a 
given single dose is about the same, independently of the age at which it is 
administered to the adult animal, providing the animal is destined to live long 
enough to make the shortening wholly manifest. 

Owing to the difficulty of detecting small changes with limited numbers of 
animals it cannot be assumed with confidence that life-shortening is proportional 
to dose down to small doses at the rate given above. Actually there is reason 
to suppose that the effect of small doses is less than that indicated by the pres- 
ent data. This point will be discussed in considering the effects of chronic 
irradiation. 

3. Life Shortening by Multiple Doses or Chronic Irradiation.—Small labora- 
tory animals subjected to irradiation either at high daily rates for short periods 
or low daily rates for long periods suffer about 7% life shortening per LDs. and 
the effect is proportional to dose, or nearly so, for doses up to about three times 
LDs. The data for low daily rates and small total doses in the 100 r range 
are not definitive, there being almost as many showing prolongation, as shorten- 
ing, of life. While this again is probably due to failure to use sufficient numbers 
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of animals to measure small effects, it leaves to be resolved the possibility that 
low daily doses actually prolong life, unlikely as this may seem. 

No satisfactory explanation has been offered for the greater shortening of life 
from single doses than from divided doses of the same total magnitude. Never- 
theless the difference appears to be well established for large single doses. 
However, because divided doses, at rates at least as high as 120 r per day, cause 
the same effect per accumulated roentgen as divided doses at quite low daily 
rates, it is difficult to understand why a single dose of 120 r would not act the 
same. Possibly it does and the apparent disagreement is owing to inaccuracy 
of single dose data for doses in the 100 r range and below. 

4. The Concept of Irreversible Injury.—To account for shortening of life as 
an after effect of irradiation it may be supposed that radiation injury is in part 
reversible and in part irreversible and that the irreversible component is equiv- 
alent to premature aging in the sense that it ultimately deprives the animal of 
part of its expected life span. This view of irreversible injury does not pre- 
scribe whether it is equivalent to abrupt aging at the time of injury or consists 
in the initiation of aging processes which gradually develop. It is interesting 
that limited observations in the rat indicate that irreversible injury is measur- 
able, after an interval of presumed complete repair, aS a reduction in acute 
lethal dose. This suggests that aging or its counterpart is laid down at least 
partially at the time of injury and is potentially observable as some form of 
persisting lesion, but as yet this phenomenon has not been related to histopatho- 
logic changes to be discussed below. 

5. The Effect of Chronic Irradiation in Man.—The deaths of 82,441 physicians 
reported in the Journal of the American Medical Association from January 1, 
1930, until December 31, 1954, were reviewed by Shields Warren.* In physicians 
grouped according to possible radiation exposure the average age of death was 
as follows: 


Years 

No 'Kknownccontact with radiations ibe flew feel. Seu cece celia 65. 7 
Some exposure (dermatologists, gastroenterologists, tuberculosis specialists, 

POROUS IS bee ce een ee eaten oe nee oe et Ra ae eee eee PF Silt a 63. 3 

THefatotovts teudtoris lee ee eae ear eee es Sieh ei th ie mw ibeelion: 60. 5 

U. 8. population over 20 years of age_.2____-___-_--_--__~_~___----.-_-- 67.1 


In comparison with non-exposed physicians the shortening of life of radiolo- 
gists is 5.2 years or 11% of the adult life span (after 20 years). If extrapola- 
tion from the animal data, reviewed above, is permissible, this would be expected 
to result from chronic whole body exposure to about 1.5 LDs dose or possibly 
1000 roentgens. Although this exposure was partial body and possibly less 
effective, it seems unlikely that the equivalent whole body exposure differed 
from the above value by a factor greater than 2 or 3. Consequently it appears 
that, within these limits at least, extrapolation from short-lived animals to man 
may be made with some confidence on the basis of percent life-shortening per 
unit dose. 

B. Acceleration of Aging by Irradiation 

There are no definitive data on the effects of total body irradiation on the aging 
processes per se of man. Perhaps some information on this effect in man will be 
forthcoming in time as a result of observations which may be made on survivors 
of the atomic bombing in Hiroshima and Nagasaki. The delays effects which 
have been observed in these Japanese are reported subsequently under other 
headings. 

In view of the relation between the degree of acceleration of aging observed his- 
tologically in experimental animals and the size of the total body dose which the 
animals received, and in view of the probability that populations of irradiated 
animals lying prematurely die essentially as the result of premature aging and 
associated diseases, it seems reasonable to expect that a direct relation may exist 
in irradiated populations between the amount of life shortening caused by 
irradiation and the degree to which irradiation has accelerated aging, and that 
any total-body dose of external radiation which has caused shortening of life 
in a population of animals has caused a proportional acceleration of aging. 

Some of the localized tissue effects produced by partial body irradiation in 
humans are histologically similar to changes occuring in the syndrome of pre- 
mature aging. However, many of these changes, some of which are mentioned 


4 Before the Radiation Research Society, May 19, 1956, Chicago, Illinois. 
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below, are effects induced directly rather than phenomena of accelerated aging. 

In the human skin single loses of 500 r to 700 r of x-rays may produce perma- 
nent epilation. Somewhat smaller doses causing temporary epilation may cause 
decreased pigmentation or greying of hair which returns in the irradiated areas, 
These doses in the erythema dose range or somewhat higher may also cause 
increased pigmentation of the skin in the irradiated regions, some degree of 
epidermal atrophy, and some decrease in sebaceous and sweat glands. Hyper- 
keratotic areas of skin, vascular sclerosis, and dermatitis may also be late 
sequelae of irradiation of skin. Surface doses of about 1600 r more or less may 
produce considerable permanent dilatation ef capillaries (telangiectasia) in 
the area irradiated. 

Changes in skin are also late effects of chronic irradiation and are seen com- 
monly in the skin of the hands of persons working with radiations. Roentgen 
dermatitis and the roentgen ulcers which often develop from this condition 
are considered precancerous conditions because of the frequent development of 
malignancy in such regions. 

tenal hypertension may be produced in man within periods from several 
months to several years by single localized doses of x-rays of about 3000 to 5000 
r or by chronic irradiation, e. g. by a total dose of 2300 r in 35 daily doses to the 
abdomen, but there are no definitive dose-effect on the late incidence of kidney 
disease and arteriosclerosis related to generalized radiation acceleration of aging 
in man. In rats, nephresclerosis, with renal hypertension, and generalized 
arterioscierosis are characteristic delayed effects associated with accelerated 
aging changes late in their lives following single total-body doses of 500 and 600 r 
or greater. Much larger doses localized to the kidney are required to cause these 
renal changes and associated effects to appear early in the life of irradiated 
animals, 

Irradiation of parts of the brain of man with total doses of about 5000 r or more 
given as a single dose or within 2 or 3 weeks in fairly large fractions may cause 
progressive sclerosis of blood vessels with subsequent secondary degeneration 
of brain tissue and sometimes rupture of blood vessels and hemorrhage from one 
to several years after exposure. 

Hypoplastic and atrophic changes, often associated with arterial sclerosis, 
have been observed in human hemopoietic organs long after localized irradiation. 
Permanent effects have also been observed in bone heavily irradiated, and in 
the length of bones irradiated heavily over their epiphyseal ends during the 
growth period. 

The fragmentary data on delayed effects of localized irradiation in human 
tissues which are similar qualitatively to changes which are associated with 
aging, are difficult to interpret in terms of accelerated aging, especially since 
many of the himan cases from which the data are obtained suffered from 
malignancy or other serious disease processes. 


C. Late Hematologic Effects of Irradiation 

Data collected during the period after World War II may be summarized 
very briefly as follows: 

With respect to occupational or daily exposures over periods of months or 
years, doses in the range of 0.5 r/day have been reported effective in producing 
slight depression of the number of circulating lymphocytes and total leukocytes 
in the peripheral blood of man. A 77 week period of exposure to doses averaging 
0.2 r/week effected a decrease in the number of leukocytes in another group 
of workers. One authority has found some statistical evidence indicating that 
deses as low as 0.5 r/year may depress the lymphocyte count very slightly. 
These and similar findings (which are considered in more detail and tabulated in 
the review cited at the end of this paper) are not unequivocal, of course, and do 
not indicate with certainty that injury has occurred to the personnel in question, 
but they indicate in a general way, the presently accepted estimates of the 
“lowest effective dose.” 

Slightly larger exposures, for example a total X-ray dose of 40 r given in incre- 
ments of 15-20 r, or a total dose of 200-300 r received as a series of daily 5-10 r 
exposures, caused depression of the peripheral blood lymphocyte level in man, the 
larger cumulative dose being associated with decreased numbers of all types of 
white blood cells. 

Survivors (924) of the Hiroshima atomic bombing, receiving doses estimated at 
400 r total-body, and all showing epilation, revealed relative lymphopenia 2 years 
after exposure. There was greater than normal variability in the blood picture 
of this group. Four of 5,075 survivors exposed at less than 1,500 meters in the 
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Nagasaki bombing revealed, after latent periods of 4 to 7 years, refractory (fatal) 
anemia, with associated leukopenia and thrombocytopenia. 

A statistical analysis in 1954 of the hematologic data obtained by the Atomic 
Bomb Casualty Commission on Hiroshima survivors 5 to 8 years after the bombing 
jndicated that there was no increase in leukopenia, leukocytosis, or anemia in 
the exposed as compared to the control population. Up to 1953 no cases of 
aplastic anemia had been found in the survivors in Hiroshima. 

Observable changes in the structure of leukocytes (in contrast to the changes 
in numbers described above) appear to offer considerable promise as sensitive 
biological indicators of radiation exposure. 

Two of the most sensitive morphologic indicators of radiation effect on blood 
are increased numbers of refractile neutral red bodies in lymphocytes (observed 
in humans receiving .05 r per day) and an increased incidence of lymphocytes 
with bilobed nuclei in peripheral blood, which has been observed in a consider- 
able number of cyclotron workers after they had worked about 314 months during 
which they received exposures which did not exceed the M. P. H. The incidence 
of the abnormal lymphocytes returned to normal after extra shielding was 
installed. 

Although there is much conflicting information and opinion relative to late 
hematologic effects of exposure to ionizing radiation, a review of the available 
data leads to the formation of certain fairly clear impressions if not definite 
conclusions. 

Early radiologists and radiation workers developed blood pictures character- 
ized by moderate lymphocytosis and leukopenia. These changes were often 
sufficiently definite to be recognized on an individual basis, as well as by statis- 
tical analysis of grouped data. They have been interpreted in various ways, of 
which the most likely seems to be as follows: initial injury causes a depression 
of lymphopoiesis, which is followed by a recovery phase characterized by a 
compensatory increase in activity. During chronic exposure lymphopoiesis 
presumably ‘‘escapes” from the depressing effect and enters the compensatory 
hypertrophy state. Most of the early workers had exposures which would 
undoubtedly greatly exceed present maximum permissible doses. 

Studies made during the more recent period reveal that the most characteristic 
changes following chronic exposures in or below the maximum permissible dose 
range are slight lymphopenia and morphologic alteration of the leukocytes, 
particularly lymphocytes. The absence of lymphocytosis might be explained by 
the fact that even chronic exposures are much more intermittent now than earlier. 
Furthermore, since both injury and the compensatory hypertrophy are, within 
limits, proportional to the magnitude of exposure, it is possible that present 
chronic exposures are too slight, as well as too intermittent, to produce adequate 
stimulus for “escape” into the compensatory hypertrophic phase. 

In any event, morphologic changes are probably the most sensitive indication 
of radiation injury. This is not surprising, for one might expect to find larger 
numbers of young cells being released into the blood stream following transient 
bursts of increased leukocytopoiesis. Furthermore, when parent cells have been 
injured by radiation, abnormalities of mitosis (with the production of abnormal 
daughter cells) would be expected to occur more frequently than normally. 
Hence abnormal as well as early cells should appear in the peripheral blood in 
increased numbers. 

The relationship of this type of change to the incidence of leukemia and other 
latent effects of exposure is very poorly understood, and it is highly desirable that 
more information be obtained. The compilation of data representing sensitive 
hematologic indices of radiation exposure in large groups of radiation workers 
should be vigorously pursued so that eventually there may be enough long-term 
studies of the health of the workers to permit adequate evaluation of the signifi- 
cance of the more sensitive radiation-induced biologic changes. Should such 
changes prove to be truly premonitory of an increased incidence of latent effects, 
it would be important to adapt biologic monitoring procedures accordingly. 

One of the greatest hindrances to the present interpretation of highly sensitive 
hematologic and presumably other biologic changes is the absence of adequate 
physical monitoring data for exposures below the maximum permissible dose 
range, so that evaluation of exposures of individual radiation workers is grossly 
inadequate for the interpretation of hematologic data of the type under dis- 
cussion, It is important that in selected situations, individual physical monitor- 
ing be instituted which is in the same range of sensitivity, with regard to quanti- 
tative interpretation, as the biologie monitoring. 
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D. Carcinogenesis by Radiation from External Sources 

This section deals primarily with malignant disease in human populations 
exposed to ionizing radiation. 

It has been clearly established that malignant disease may arise in tissues | 
heavily irradiated by ionizing radiation. Animal experimentation and experience 
with irradiated human subjects show that almost any tissue can become neo- 
plastic under the proper conditions of exposure. This report does not treat of 
the type of radiation-induced malignancy which is usually the result of intense, 
repeated exposure of a small portion of the body, but will consider only malignant 
disease in populations in which the entire body or at least a large portion of 
the body of human subjects has been exposed to acute or chronic doses of ionizing 
radiation from external sources. 

Leukemia is commonly associated with exposure of the body to radiation. 
The close association between exposure and the disease has been described under 
three different conditions of exposure. The first is that noted in the radiologists 
who have been chronically exposed. It should be pointed out that the actual 
number of cases of leukemia is not great even though the incidence is much higher 
than that noted in the general male population and in other physicians. March, 
in a review, was able to find only 37 published cases. Furth and Lorenz state 
that one reason for such a low incidence of leukemia in these persons who were 
probably heavily exposed in the early days of x-ray technology is that their 
exposure was partial body rather than total-body. The average age of the 14 
radiologists dying of leukemia from 1928-1949 as 58.8 years. 

The increased incidence of leukemia in the Japanese exposed to the nuclear 
explosion in Hiroshima and Nagasaki is the only example of this disease occur- 
ring after a single acute exposure of the entire body to ionizing radiation. In 
this case there is a good correlation between the diseases and the dose. Even 
in the highest exposure group, however, the incidence is still small (1.25%). Most 
of the cases are of the myeloid type. However, lymphoid leukemia is known 
to be comparatively rare in Japan. 

There are two examples which illustrate the increased incidence of leukemia 
under the third condition, i. e., that observed in persons given therapeutic treat- 
ment with x-rays to a large portion of their body. One is found in persons 
with ankylosing spondylitis who have received intensive treatment with x-rays 
to the entire length of their spine. A total dose of 2,000 r was not unusual in 
a treatment series and such Series were often repeated. There is a good corre- 
lation between the incidence of leukemia and the number of treatment courses. 
The second example is found in children given one or more treatments to their 
chests in infancy for enlargement of their thymus glands. In one study of 
children receiving 100 to 1500 r in 1 to 3 treatments to the chest, 7 of 1,722 
treated children developed leukemia. This incidence was ten times that expected 
for children in the state in which the study was done. There were no cases of 
leukemia in 1,795 untreated siblings at the time of the study. There were 3 cases 
of leukemia among 604 children receiving less than 200 r, and 4 cases among 804 
children receiving more than 200 r. The children in this study showed leukemia 
incidence of about 0.4%, but they may represent a special situation since the 
treatment was given when they were very young and since there is no apparent 
correlation with the x-ray dose. 

Aside from leukemia, the only studies on malignant disease in persons exposed 
to radiation from external sources are found in statistical surveys by Dublin 
and Spiegelman and by Warren of the cause of death in radiologists and other 
physicians. Dublin and Spiegelman find that the incidence of malignant disease 
is lower in physicians than in the general male population of comparable age. 
It is slightly higher in radiologists but, apparently, not significantly different 
from that in other specialists or non-specialists who presumably have not received 
the same exposure to radiation. Interesting is the observation that the highest 
cancer incidence, twice that in the total group, is found in psychiatrists and 
neurologists. The data of Shields Warren on a much larger series of physicians 
show a somewhat higher percentage of cancer deaths in radiologists than in 
other physicians. 

In consideration of animal experiments, uncertainty exists as to whether or 
not there is a true dose threshold for the production of malignant tumors by 
irradiation. The answering of this question would require an extremely ex- 
pensive, massive experimental program employing very large numbers of ani- 
mals and much time. Experimentation of this kind with low doses igs further 
complicated by the occurrence of spontaneous malignancies to which various 
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species of animals are susceptible, and also by the variability in response of 
equally exposed animals. If the fundamental cause, or one of the indispensable 
factors, in radiation carcinogenesis is the induction of somatic mutations, it 
would appear possible that radiation carcinogenesis, or perhaps the induction 
of precancerous states by irradiation, has no dose threshold. However, this 
reasoning may be applied to other disease states and accelerated aging as well. 

In any event the incidence of cancer in exposed populations is not sufficiently 
great to be regarded as an important contribution to the degree of premature 
death occurring in a group such as that of the American physicians discussed 
above. 


E. Radiation Cataracts 


In this section emphasis is placed upon the effects of the radiations from 
nuclear disintegrations and high energy particle accelerators on the develop- 
ment of ocular, especially lenticular, lesions in humans. This in no sense dep- 
recates the excellent work done with other animals in which the pathologic 
development, biochemical changes, and dose-time relationships of lenticular 
abnormalities have been elucidated. The present reservoir of several thousand 
persons who have been exposed to the radiations from atomic weapons, and 
the few hundred humans exposed to the beams of particle generators during 
the last ten to fifteen years makes it apparent that a reasonably accurate evalu- 
ation of the magnitude of the problem of radiation-induction of cataracts in 
humans can be made from the information currently available. 

There are no quantitative or definitive dose-effect data from humans or ani- 
mals in regard to increased incidence of cataracts late in life as a result of 
radiation acceleration of aging processes. It is hoped that long-term observa- 
tion of persons exposed to radiation and of animals in life-span experiments 
will provide such information. 

It is not surprising that a great variety of possible causes of cataracts have 
been discovered. Histologically the lens is such a simple structure that its 
possible ultimate response to injury is limited almost exclusively to cataract 
formation. Considering only idiopathic forms of the disease and excluding 
those cataracts resulting from injury, including radiation injury, metabolic 
disease, congenital defects, ete., one is left with a phenomenon definitely re- 
lated to increasing age. 

Despite much effort it is still not yet clear just how the senescent process 
causes this local change. However, there are differences histologically in the 
development of this change as compared with the development of radiation- 
induced cataract. In the aging process the lens grows continuously throughout 
life but the growth rate becomes slower with advancing age, never reaching zero 
until the tissue dies in cataract formation. Radiation-induced cataract is the 
result of direct destructive actions of radiation on the anterior epithelium and 
possibly on the cement substance between fibers. 

It is interesting to note that before it was recognized that radiation cataracts 
were appearing in cyclotron workers, Evans reported in 1948 that cataract 
production in mice by fast neutrons relative to x-rays increased significantly 
with chronie exposure. Young animals exposed during the pre-natal or early 
post-natal period show markedly greater lenticular radiosensitivity than do 
older animals. 

By December 1948 it was known that at least five nuclear physicists of mean 
age 31 had incipient cataracts. In January 1949, eleven physicists were exam- 
ined and ten were found to have cataracts, tn three cases severe with definitely 
impaired vision, in four cases moderate, and in three cases minimal. They 
were estimated to have received, over periods of 10 to 250 weeks, a median dose 
of fast neutrons of 50 n, while the range of doses was 10 n to 185 n. At the time 
the cataractogenic exposures were being received, most of the men were given 
periodic blood counts, which revealed no change in blood picture warning of 
overexposure to radiation. 

In adult humans exposure to x-rays in excess of about 2000 r has been thought 
necessary to produce cataracts. 

Fillmore, in a survey of the Hiroshima Japanese survivors, based in part 
upon studies by Kimura in 1949, about 5 years after the detonations, reported 
98 cases of cataracts, eighty-five of which were among the 922 survivors 1000 
meters or less from the hypocenter. In 1955 Sinskey reported the results of 
an intensive investigation of 8700 exposed and nonexposed individuals made 
between May 1951 and December 1953, six to eight years after exposure. There 
were 154 survivors with posterior subcapsular polychromatic plaques large 
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enough to be visible with the ophthalmoscope. These radiation-induced patho- 
logic changes in the lens did not in general impair vision significantly when 
examined, and in most cases were correctable with proper lenses to provide 
normal vision. Of this group only 25 individuals had vision less than 20/25. 

According to Sinskey’s study, the human lens is quite sensitive to nuclear 
radiation in doses which produce epilation and other acute effects but are insig- 
nificant with respect to impairment of vision. 

Of the approximately 8000 exposed survivors of Hiroshima and Nagasaki who 
have been examined during the last decade there have been found 10 cases of 
severe cataract, approximately 25 cases of slightly impaired vision due to pos- 
terior polychromatic plaques and perhaps two hundred oases with minimal path- 
ologiec lenticular lesions detectable by competent slit lamp examination. 

It may be concluded that the atomic bomb explosions over Japan have resulted 
in negligible loss of vision to date. 

F. Effects of Ionizing Radiation on Gametogenesis and Fertility — 

1. The Male.—Spermatogonia are the most radiosensitive cells of the semini- 
ferous epithelium and one of the most sensitive of the body with respect to inhi- 
bition of division and with respect to the destructive actions of radiation. Appar- 
ently both inhibition of mitosis and destruction of spermatogonia, and differ- 
entiation of these cells following irradiation contribute to their disappearance 
from the seminiferous tubules, the relative contribution of each mechanism 
varying quantitatively according to size and mode of administration of dose. 

The delay in the beginning of regeneration of these cells after irradiation is 
dependent to a considerable extent upon the dose. Following reduction or deple- 
tion of spermatogonia the later germ cell generations undergo maturation-deple- 
tion and disappear in the order in which they are formed until a point of maxi- 
mum hypoplasia is reached. The destruction of some of the cells of more mature 
generations by relatively high doses may hasten this process. Spermatocytes, 
spermatids, and spermatozoa are of increasing radioresistance in the order given. 
The time for the development of maximum hypoplasia of the seminiferous epithe- 
lium is about 3 or 4 weeks, sometimes longer, depending upon dose and species, 
and this time is close to that required for the development of a spermatozoon 
from a spermatogonium. 

Histological sterility, by definition a lack of spermatogenic elements and 
sperm, may be temporary or permanent and the two often appear very similar 
upon casual histologic examination. The time factor is of great importance in 
the prognosis as regards sterility. 

For relatively low doses and for certain laboratory animals whose germinal 
recovery capacity is relatively large, regeneration, if it is to occur, begins before 
the height of depopulation of germinal epithelium is reached or soon thereafter. 
With certain higher doses given to such animals, a delay of beginning of regenera- 
tion for about 10 months is considered by some to be indicative of permanent 
sterilization. Actually, in much of the work employing large single doses of 
radiation the animals were not studied for the maximum time possible or 
desirable. 

It is probable that the critical interval of time for beginning of regeneration 
varies among species and that for some of the larger animals, including man, 
whose powers of germinal regeneration are comparatively low, active regenera- 
tion may be delayed following severe radiation effects much longer than 10 
months, Whether permanency of sterilization or length of the temporary sterile 
period is due to effects on cells involved directly in spermatogenesis or rather 
indirectly to effects on supporting tissues is not clear. 

The testicular effects of irradiation are qualitatively similar in all mam- 
mals studied, including man, but vary quantatively according to differences 
in testicular radiosensitivity and recovery capacities among species. Whether 
a dose of radiation sterilizes permanently or temporarily depends at least as 
much on the natural capacity for regeneration of primitive spermatogenic cells as 
oe the radiosensitivity of the spermatogenic cells existing at the time of irradia- 
ion. 

Sertoli cells and interstitial (endocrine) cells are relatively radioresistant. 
Male mammals may be sterilized permanently without prominent histologic 
changes in the interstitial cells and without decrease in sexual potency or libido. 

Following single deses of irradiation and preceding the sterile or subfertile 
period produced there is a period of fertility, the length of which is much less 
dependent on low doses than on doses high enough to affect the fertilizing ca- 
pacity of mature sperm, Lower doses are required to destroy the fertilizing 
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capacity of sperm than are necessary to affect the viability or motility of sperm 
present at the time of irradiation and therefore during the initial fertile period. 

This first: period of eontinued fertility is due largely to sperm mature at 
the time of irradiation and possibly to some sperm in the spermatid stage or even 
a few in the spermatocyte stage, depending upon the dose and the length of the 
fertile period. The subsequent period of infertility or sterility is due to de- 
creased numbers of sperm produced, and the fertile period following the period 
of sterility, if-recovery occurs, is due to sperm that were developed from cells 
which were in the spermatognoial stage or were primordial undifferentiated 
celis at the time of irradiation. 

In the initial fertile period litter size is subject to reduction with sufficient dose 
and the amount of reduction is dependent upon the dose. Litter size in the fertile 
period after the sterile period is usually normal or perhaps slightly less than 
normal. Reduction in litter size is explained on the basis of induction in sperm, : 
and perhaps to some extent in precursors of sperm, of chromosomal aberrations 
which do not interfere with fertilization but which cause death of the zygote or 
embryo in utero. In terms of human considerations the equivalent result would 
be manifest in the form of increased incidence of spontaneous abortion following 
death of embryos or foetuses in utero. . 

This reduction in litter size caused by irradiation is called “semisterility”, and 
the condition is transmissible genetically to viable offspring. Chronic irradiation 
at low daily dose rates appears to be much less effective in the production of 
semisterility, according to existing data. This may be explained on the basis 
that low doses are delivered to sperm populations which are continually renewed. 
in the genitalia, and that relatively fewer sperm are subject to doses large. 
enough to induce the chromosomal defects involved in semisterility. The lesser 
reduction in litter size during the second fertile period after irradiation with 
large single doses suggests that similar chromosomal defects in primitive sper- 
matogenic cells or primordial undifferentiated cells are either not as significant 
in terms of the production of semisterility or are largely eliminated in some man- 
ner. More long-term investigations of this problem in chronic radiation experi- 
ments seems desirable to verify the degree to which regenerated sperm popula- 
tions are defective in terms of semisterility. 

The so-called sterile period may be a period of complete sterility or a period 
of subfertility or of fertility wit: reduced spermatogenesis, as manifest by partial 
atrophy ef seminiferous epithelium and partially reduced sperm counts. Since 
critical or minimal numbers of normal potentially effective sperm per ejaculate 
are necessary for consistent successful reproduction, practical sterility or infer- 
tility may be associated with considerable but subnormal degrees of sperma- 
togenesis. When spermatogenesis is partially arrested the number of sperm 
produced decreases and the percentages of sperm motile, alive, and normal tend 
to decrease also. With chronic irradiation spermatogenesis may stabilize at 
reduced levels for long periods of time if complete arrest does not occur, and 
further depressions may be slow in occurrence. Reduced sperm count and de- 
creased quality of sperm persist accordingly. 

The effects of irradiation on seminiferous epithelium are direct in that irradia- 
tion of the body with testes shielded does not produce them. 

The effects of x-rays, gamma rays, and neutrons on spermatogenesis and repro- 
duction are qualitatively similar, but neutrons are more potent in their effects on 
spermatogenesis and five or six times as potent in reducing litter size in matings 
done during the initial fertile period. 

In regard to the efficiency of fractionated versus undivided doses of the same 
total size in producing testicular effects, there are experimental reports indicating 
no difference, others indicating less effect with fractionation, and others showing 
greater effects with fractionation. 

Protraction of the dose fraction has little influence apparently on testicular 
effects unless the protraction is extreme, in which case the effect of a given total 
dose may be decreased, probably by virtue of permitting-biologic recovery proc- 
esses to operate at a more favourable rate with respect to the rate of production 
of injury by radiation. 

The effects of fractionation of dose on the testes depends upon the size of the 
dose fraction, the interval of time between fractions, and the total dose. In 
general, fractionation has less influence on the effect of small total doses than on 
the effect of large total doses. Fractionation of large doses appears to increase 
damage in the mechanisms responsible for regeneration of germinal epithelium. 

_The dose-effect relationships in different species often appear contradictory, but 
are probably in reality complementary, For each species there is probably a 
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different dose-time relationship, in irradiation with divided doses, which is 
optimum for: the efficient production of radiation injury. The empirical work. 
which has been done on the testis has already made this apparent. Theoreti- 
cally, in a tissue in which stem cells are radiosensitive and have the capacity both 
for active division and for differentiation, the most efficient mode of administra- 
tion of radiation (per roentgen) to produce sterility in animals of a given species 
would be that designed, with respect to dose-time relationships, to take advan- 
tage of the biologic actions and reactions of the cells themselves. One of the 
most efficient dose-time relationships in spaced irradiation of the germinal epithe- 
lium would be one in which the dose fraction was small enough to permit attempts 
at division in spermatogonia but large enough to injure many of these cells to the 
extent that they die when mitosis is attempted, and one in which the time interval 
between exposures is such that the following exposure is administered when the: 
effect of the previous dose is diminishing. A change of this inter-dose time inter- 
val in either direction would decrease the efficiency of the irradiation with respect 
to utilization of mitotic-linked death of spermatogonia. ' 

In the case cf cells having the capacity both for division and differentiation, 
irradiation tends to diminish the number of resting cells and dividing cells and by 
inhibition of division to increase the number of differentiating cells. It may be 
possible to increase to a maximum this effect in spermatogonia by suitable arrange- 
ment of the dose-time relationship in chronic irradiation. If the dose-time rela- 
tionship optimum for maximum differentiation effects was quite different from 
that optimum for maximum mitotic-linked death, an optium compromised might 
be found, or these biologie effects could be handled separately with greater effi- 
ciency than is now the case. . 

There has been little investigation of the effects of irradiation on gametogenesis’ 
and reproduction in mammals, except for the work on rodents and some recent 
work on dogs. ‘The single doses to the testes required to cause complete or nearly 
complete atrophy of the seminiferous epithelium are similar in size in these small 
animals and in the dog and man as well, all of the doses being within the LD so 
range. However, the regenerative capacity of the seminiferous epithelium of 
the small laboretory animals is so great that very large single or divided doses, 
well above total-body LD: doses, are required to sterilize permanently most or 
all of the animuls of a group. 

It would appear from data at hand that the dog, of all of the animals investi-' 
gated in these respects, is the animal most similar to the human in terms of radio- 
sensitivity and regenerative capacity of seminiferous epithelium. In general 
both dog and man reveal similar sensitivity which is greater than that in other 
experimental animals. In both cases, however, there is only little and ‘frag- 
mentary information on the effects of irradiation on spermatogenesis and repro- 
duction, the minimal single or chronic permanent sterilization dose has not been 
studied definitively, and there is only little known of the regenerative capacity 
following irradiation. 

The following table summarizes careful observations on male beagle dogs ° 
subjected to chronic exposure to x-rays from a 1,000 kvp x-ray machine and, in 
some cases, to neutrons from a cyclotron, 5 or 6 days per week. 





Dose/week Approximate Duration of Observations 
total dose exposure 

OSnz an weit 627ros: Bake or oiecvast No significant change in sperm count. 

0:6: TS4e0. does nL, Bh eae. SP Sane ne ae ae Do. 

Crs EO Rel em ete PA i ells os Little change in germinal epithelium. 

Ont TNA TE ont ES Fe Byres pa AL Do. 

8.0 0.3%. TOOT STs eee Dyrsccee cia 80 percent sterile; 20 percent reduced sperm counts. 

3.00%. ctu os 7 Te ae ee Is eee eee ees Substantial atrophy of germinal epithelium. 

6.0. eee Bi splines Ss TV Eco ee oe Aspermic. 

6.09203. MIs. 62h TILER 2yTsD NOH Marked atrophy of germinal epithelium. 

10. 2g seh vee 398 to 561 n....| 39 to 55 wks___| Extreme atrophy of germinal] epithelium. 

164 tse yy Ge Ta SAW ICS uo asiatiets Aspermie after 375 r; sterile 1.25 years postirradiation 
so far. 

16:4. F255 -beoawee cf ee Se Se 4Pwkslu2ccees Aspermic after 375 r; sterile 1 year postirradiation so far, 





Although cases of testicular atrophy in humans following irradiation have 
been observed since 1904, and were commonly observed soon after the Hiro- 
shima and Nagaski bombings, little is known at present of the ultimate fate 
of the lesions produced in survivors and the effects of these lesions on fertility, 
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Regeneration of testes rendered atrophic by various doses and modes of irradi- 
ation has not been studied definitively in man. There are, however, isolated 
cases which have been studied to some extent, and there are reports of a zoo- 
spermia or oligonecrospermia er sterility in radiologists. Most of these cases 
were not studied carefully and extensively and in very few instances are there 
any reports or accurate estimates of doses involved. However, on the basis of 
the rather meager data available, certain estimates may be hazarded. 

A single x-ray dose of 500 to 600 r is thought to produce permanent sterility 
for the human male and a dose of 250 r is thought to produce sterility for about 
one to two years. 

If it is permissible at all to compare the meager human data with the results 
of many animal experiments in which regeneration was studied, the much more 
delayed and lower rate of testicular regeneration in man is apparent. Marked 
depletion of germinal epithelium is produced in the small experimental animals 
by doses in the LD » range, but regeneration of the seminiferous epithelium is 
complete or nearly so in a matter of 3 to 5 months. 

Man as well as the dog may have fewer of the radioresistant primordial cells, 
precursors of spermatogonia, or these cells may have less potential than is the 
case in the smaller or lower mammals. Other possible reasons for the delayed 
and slow recovery may be intimately associated with differences in metabolic 
rate and normal differences in rates of spermatogenesis. Factors which deter- 
mine the relatively late maturation of the normal human testis may also modify 
the rate of regeneration of the human testis. 

2. The Female.—Irradiation of the mammalian ovary can cause profound 
atrophy of the organ with temporary or permanent sterility depending upon the 
dose. Changes in the ovaries may be followed by dependent atrophie changes 
in ‘kecessory genitalia in most mammals. 

The ova and follicular cells are the most radiosensitive cells in the mammalian 
ovary and cells of the corpora lutea and interstitial cells are relatively radioresist- 
ant. The radiosensitivity of the ova and folicular cells varies with their func- 
tional states at the time of irradiation. There are also marked differences in 
radiosensitivity between species. In most laboratory mammals the developing 
and mature follicles and ova appear to be more radiosensitive than the primordial 
follicles and ovocytes and some primary follicles persist after fairly large doses of 
radiation and may begin to develop long after irradiation. 

Irradiation may sterilize the ovary by preventing the development of primary 
follicles of the ovary and by destroying the ova and follicular cells. Histologi- 
cally, permanent ovarian sterility is indicated by the lack of ovarian follicles. 

A dose of radiation which destroys all developing follicles causes failure of 
development of corpora lutea, which may lead to decrease of interstitial gland 
cells in animals which have these glands, since new cells will fail to be developed 
from corpora lutea. 

Care should be used in the extrapolation of data from the mouse to human 
problems in regard to the ovary. The mouse ovary is peculiar in many respects. 
In it the primary follicles and ovocytes are exceptionally radiosensitive as com- 
pared with developing and mature follicles. The mouse ovary also has the 
tendency to develop invaginated tubular downgrowths of germinal epithelium 
and ovarian tumors, and these changes are easily accelerated and increased by 
relatively low doses of radiation. ‘The peculiar differences in the mouse ovary, 
or the underlying causative mechanisms, are probably responsible for the ex- 
ceptional radiosensitivity and the irreversibility of the effects of relatively low 
doses of radiation on the mouse ovary, as compared with ovaries of other labora- 
tory mammals and the human female. In the female mouse a single x-ray dose 
of 150 r results in permanent sterility. 

The size of the litter produced in the initial fertile period after irradiation of 
female animals is reduced and the size of the litter from irradiated females de- 
clines more rapidly with rising dose than the size of the litters from irradiated 

male mice. 

Total body irradiation appears to produce greater effects on the ovary and on 
fertility in female animals than irradiation of ovaries alone with equivalent 
doses. 

Since sterilization of the human ovary is a radiotherapeutic practice under 
certain circumstances, considerable data have accumulated on the radiosensi- 
tivity of this organ. 

Single doses to the ovaries of 125 to 150 r may produce amenorrhea in 50% 
of women. A single dose of 170 r can produce temporary sterility for a period 
of 12 to 86 months. A dose of 500 r produces permanent sterility in most women, 


1942 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


but young women may require a larger dose. Doses between 500 r and 624 r have 
produced permanent sterility in 94% of a group of women (34 of 36 patients), and 
a localized dose of 625 r has produced permanent castration in a whole group of 72 
atients. 

y 3. Sterility Doses for Men and. Women.—It seems quite possible that the single 
doses necessary to cause permanent sterility in 100% of men and women may -not 
be far apart. However, there is insufficient information on men to permit an 
intelligent guess as to the exact amount of the difference. 

It would appear that both male and female humans are probably among the 
most radiosensitive of those mammals studied, with respect to gonadal effects 
of irradition. It is also probable that the differences between single temporarily 
sterilizing doses and single permanently sterilizing doses of radiation are rela- 
tively small in the case of humans as compared with most of the laboratory 
mammals studied. On the basis of the data available the single gonadal dose 
of x- and gamma-radiation which would permanently sterilize most human males 
and females may be of the order of 500 to 625 r. 

In animals with relatively poor gonadal regenerative capacity, such as the 
human, chronic irradition may be relatively of more serious consequence, and 
this tends to be supported by data from experiments on dogs. It is such exposure 
‘which may constitute the greatest practical human hazard as far as sterility is 
concerned. 

A few experimental data indicate greater radiosensitivity in prepubertal ani- 
mals, especially foetuses. 


G. Effects of Irradiation on Growth and Development 


This section is concerned with post-natal development and growth and does 
not include a detailed discussion of the effects of irradiation on prenatal devebop- 
ment and organogenesis per sé. ~ : : 

Regenerative and repair processes of the body appear to be fairly sensitive to 
the effects of ionizing radiation and inhibition of these processes may be very 
persistent, especially if vascular integrity and patency are impaired. Much 
more quantitative investigation of these aspects of the problem is needed, under 
circumstances of both total-body and localized irradiation. 

Quantitative studies with rats seem to indicate that growth, as measured by 
body weight, is decreased by repeated exposure to as little as 24 r per week of 
whole body:irradiation. It has been shown that a significant decrease in body 
weight ean be produced by a schedule of repeated whole body exposures which 
does not cause any decrease in levels of hemoglobin or absolute neutrophils. 

Localized irradiation of the epiphysis has been shown to cause measurable in- 
hibition of bone growth and shortening of bones in humans and animals. In 
general, the greatest effect is seen in the youngest animals. Localized irradia- 
tion of the jaws has been followed by decrease in tooth growth. 

Studies on children exposed to the atomic bomb in Japan indicate that growth 
and maturation are slightly retarded. The production of malformation by ex- 
posure of embryos or foetuses to irradiation has been investigated extensively in 
experimental animals. The production of relatively severe malformations in 
viable human offspring by irradition in utero, known from some clinical ex- 
perience, has been confirmed by studies in Japanese atomic bomb survivors. 
The study of post-natal effects upon growth produced by irradiation of the foetus, 
however, has been neglected generally. ' 

An extensive series of measurements on 4800 children at 6, 7, and 8 years 
after exposure to the atomic bomb at Hiroshima revealed in general that growth 
was retarded and maturation delayed. In another study involving several hun- 
dred children surviving the atomic bombings at Hiroshima and Nagasaki in 1945 
and studied in the 2nd, 4th, and 5th years after irradiation, it was reported that 
the physical growth and development of the children were adversely affected, and 
the resulting retardation of their height, weight, and skeletal development was 
still evident at the end of 1950. The investigators expressed the belief that 
factors other than radiation may have contributed to the effects described. This 
study has been considered by some to be at variance with other studies on the 
same material. 4 ; 

Studies of children who had been irradiated in utero during the atomic bomb- 
ings in Japan are noteworthy. In one series of 74 irradiated and 91 control 
children, roentgenographic survey failed to reveal differences in incidence of 
skeletal abnormalities between the exposed -and eontrol groups. A study of 
4400 individuals who had been exposed to the bomb in utero or as children up 
to age 10 revealed 33 cases of microcephaly, with associated mental retardation 
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in 15 cases, and 19 cases of leukemia. There were also cases of mild visual 
disability among those now 16 to 19 years old who were exposed within 1800 
meters of hypocenter. Observations on 205 children 4% years old, who had been 
exposed at Hiroshima within approximately 1200 meters of hypocenter during 
the first half of uterine life, indicate that central nervous system defects were 
produced. 

The mechanisms of growth inhibition by radiation are not understood. Bio- 
chemical and cytologic studies of animals in which growth has been inhibited ap- 
pears to be indicated. The late effects, including life-span studies of exposure to 
ionizing radiation in pre-natal and early life merit further study. 


IV.. COMMENTS AND RECOMMENDATIONS 


It appears likely that the after-effects of whole body external irradiation are 
quite general, consisting of irreversible injury to all the organ systems to at 
least some degree. Specific organ pathology or the incidence of specific disease 
is not prominent, however, except following large single doses or high intensity 
chronic irradiation and in even these cases, for the most part, the disease entities 
are not unusual, but occur earlier in the life of the animal. Although not 
clearly established at low chronic dosage levels premature aging with shorten- 
ing of life span appears to be common to all whole body exposure. This effect 
is sufficiently large that it may provide a better -criterion for limitation of 
exposure than increased incidence of specific disease. 

The effects of partial body irradiation on life-span have not been studied 
except with internally deposited radioactive materials for which the local dosage 
is not usually well known. Consequently, comparisons with whole bedy effects 
are difficult. With partial body irradiation, when highly localized at least, 
local pathology is probably the best criterion for exposure limitation. 

Because most pathologic studies have been made on animals dying or sacri- 
ficed during chronic irradiation, rather than after exposure and repair, the 
permanent after-effects have not been weli separated from the total injury and 
related quantitatively to dose. 

Animals prematurely aged by irradiation have not been studied to determine 
those changes which presumably have occurred in their physiological efficiency. 
_. Except for alterations of pre-natal development very little is known of. the 
after-effects of either whole or partial body irradiation in the young in com- 
parison to mature animals. 

Agents which, when administered to animals at the time of irradiation, permit 
them to survive doses which are ordinarily lethal, do not, according to scanty 
‘existing information, reduce the late effects. Consideration should be given to 
the possibility of increasing the reversibility of radiation injury and of diminish- 
ing thereby the late effects. 

In anticipation that definitive information on man can be approached only 
by extrapolation from animals along with comparison to meager human data, 
studies on animals should be widely extended, not only with respect to experi- 
mental numbers to increase the accuracy of observation, but also to a greater 
variety of species to ascertain the generality of quantitative dose-effect relations. 
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APPENDIX 5 


(A Lerrer From JAPAN) 


St. Pavuw’s UNIVERSITY, 
(RIKKYO DAIGAKU), 
Ikebukuro, Tokyo, Japan, June 4, 1957. 
Dr. C. HoLirIELp, 
Chairman of Radiation Subcommittee of Joint Committee on Atomic 
Energy, United States of America. 

DEAR Dr. HoriFretp: Enclosed is a copy of our comment on Dr. Libby’s paper 
which was publicated at the meeting of the American Physical Society on April 
26, 1957. I should appreciate it very much if you would kindly arrange our 
paper to offer at the committee. 

Very sincerely yours, 
Mitvo TAKETANI, Professor, 
Twao Ocawa, Assistant Professor, 
TADAYOSHI Dox®r, Assistant Professor, 
Department of Physics, St. Paul’s University, Tokyo, Japan. 


St. PAuL’s UNIVERSITY (RIKKYO DAIGAKU) 
IKEBUKURO, TOKYO, JAPAN 


Distributed to: Dr. Masao Tuzuki, Dr. Fumio Yamazaki, Professor Koichi 
Murachi, Professor Yasuo Miyake, Professor Eizo Tajima, Professor Yoshio 
Hiyama, Professor J. Rotblat, Professor L. Pauling 


1. It seems quite sure that the data submitted by many nations to the Sci- 
entific Committee of the United Nations in April 1957 show no significant dif- 
ferences among these data concerning the levels and distributions of strontium 
90 accumulated on the ground at present. However, with respect to the esti- 
mated value in the future we find appreciable differences, e. g., contrary to Dr. 
Libby, who insists that the levels of strontium 90 accumulated on the ground in 
the United States may not exceed the present amount if the nuclear explo- 
sion tests are stopped, the British scientists made the estimate of the amount as 
about 2.5 times of the present one in about 10 years. Although these differences 
come from the diverse estimates of the amount of strontium 90 remained in the 
stratosphere, based on our own data we have made the nearly same estimate as 
that of the British scientists. 

2. According to Dr. Libby most people obtain their calcium through milk 
products. Then he assumes a discrimination factor of 20 against strontium 
90 from the soil to the human bones. However, in the world there are many 
people who obtain primely their calcium through vegetables, especially in the 
Orient. In such a case, it seems quite natural that we should estimate the 
discrimination factor appreciably lower than the case of depending on milk 
products. For instance, in Japan 50 percent of calcium source for the people 
is rice. Accordingly we should naturally estimate the discrimination factor 
as about 4. 

3. Taking into account the above discussions, we may. conclude that, if nuclear 
weapon tests are continued at the present rate for the coming three or four 
years, the radiation dose from strontium 90 deposited in the bones of those who 
have the Japanese-like food habit will reach the average value of the dose from 
natural radiations, e. g., cosmic ray, terrestrial radiation, and natural Be in 
human bones. 

4. Furthermore, Dr. Libby, in his report, seems to have made a definite mis- 
take about the hazards by the very weak radiation. He investigated the cor- 
relation between the altitude difference of the cosmic ray and occurrence of 
bone cancer and leukemia, but such a method is nonsense unless the many kinds 
of natural radiations other than the cosmic ray are taken into account, because 
their doses are three times of the doses irradiated by cosmic ray, and these 
variation from place to place is rather appreciable. 
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On such a problem, the authorities in the MRC report of UK state that: 
“On the whole the experiments seem in favour of a proportionality between the 
frequency of tumours produced in a given length of time and the amount of 
radiative material in the body even at low dose levels.” 

If we accept such a proportionality, we may be able to conclude that the 
number of people in whose bodies cancers are|produced will increase consider- 
ably. However, we consider that the detection of such hazards due to the nu- 
clear weapon tests is very difficult, because a percentage of the occurrence of the 
hazards is quite small, although large in the absolute number. Taking into 
consideration the probability mentioned above, we should keep the dose from 
strontium 90 in human bone lower than that from natural radiation as possible. 

5. Concerning caesium 137 very few data are available at present, and so we 
can not as yet make any accurate estimate of the amount in the human body in 
the future. However, this element seems to become an important material in 
the future if nuclear test explosions are continued at the present rate. 

6. Recently we have continuously detected a considerable amount of long-life 
a«-emitter in the air. Although we have not yet completed the radio-chemical 
analysis, we are afraid that there may be included an appreciable fraction of 
elements with very low MPC., such as Plutonium 239. 


JAPANESE GENETICISTS ON RADIATION 


The following “Statement concerning the genetic effects of radiation upon 
man’ was prepared in April by the Genetics Society of Japan and the Japan 
Society of Human Genetics and sent out by them to a number of colleagues in 
other countries. 

“With the increasing utilization of atomic energy, man inevitably has greater 
chance of being exposed to radiation than he has previously had. Generally 
‘Speaking, any kind of radiations causes some damage to organisms. Particularly, 
their genetic effect is serious for the following reasons: 

“J, It has been demonstrated by many experiments that radiations induce 
genetic changes or ‘mutations’ in organisms. Man cannot be exempt from this 
rule. Some such mutations occur naturally, but radiations raise their frequency. 

“2. The great majority of these mutations are deleterious to mankind. Their 
effect may appear in the next generation, but s-wore commonly only in subsequent 
generations. Therefore, the apparent escape of the next generation from such 
an effect does not ensure the genetic safety of all descendants. 

“3. The incidence of mutation increases in proportion to the total dose of 
radiation given to the gonad. Whether irradiation is continuous or inter- 
mittent, the same amount of mutation is induced in either case, provided that 
the total dose is the. same, since the mutation which. was once induced persists 
even after the end of irradiation and is handed down to progeny. Thus the 
genetic effect of radiations through the gonad is-fundamentally distinct from 
their direct damage to the body, which may disappear after the end of irradiation. 

“4, Human population acquires natural mutations which are of very low 
incidence. These mutations are removed by natural selection, and the newly- 
appearing mutations and those removed by selection are mutually balanced, the 
incidence of mutant genes is thus kept in equilibrium. Additional mutations 
artificially induced by irradiation cause the break-down of this equilibrium, 
and an increase of the mutant genes possessed by the population. ,Such a change 
will lead to a gradual increase of individuals handicapped in physical strength 
or in mental capacity, increases the sacrifices of individuals and the burdens of 
the society, and leads to eventual disaster for mankind. . 

“From what has been. pointed out above, we are led to conclude that any 
amount of radiation, however small it may be, is deleterious to the heredity of 
man. Although a certain dose has been set as ‘permissible’ for people engaged 
in the operation of X-rays and radioactive apparatus or substances, this is only 
aimed at the safety and health of those people themselves. However, as far as 
the gentic effect on their descendants is concerned, there is no theoretical limit 
below which danger may be entirely excluded. 

“Although there can be hardly any question about the necessity for the peaceful 
utilization of atomic and other radiation energies, it is still all the more important 
to guard against any misuse or misoperation of such energies. This is not only 
for the safety of the present generation, but also for the health and prosperity 
of our descendants. Also, we must be on guard against the gentic effects of 
atomic or hydrogen bomb tests, which increase the level of radioactive con- 
tamination in the air and water. 
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“Under such circumstances, we geneticists eagerly hope that the general pub- 
lic will realize the urgency of the question at issue, and that effective means for 
its solution will be taken promptly.” 


APPENDIX 6 


A SELECTION OF CORRESPONDENCE AND STATEMENTS TO AND BY THE 
Atromic ENERGY ComMISssION CONCERNING THE SCIENTIFIC AND TECH- 
NICAL ASPECTS OF FALLOUT. . 


STATEMENT BY LEWIS L. Srrauss, CHAIRMAN, UNiTep States ATOMIC ENERGY 
COMMISSION, FEBRUARY 1955 ~ 


At a news conference on December 17, 1954, I stated that the staff of the 
Atomic Energy Commission was studying the subject of fallout and expressed 
the hope that information about it would be made public at a later date. ‘“Fall- 
out” is the word now applied to a phenomenon that follows the explosion of a 
nuclear weapon. Such an explosion, if the fireball touches the surface of the 
earth, draws up large amounts of materials into the bomb cloud. These materials 
subsequently fall back to earth as radioactive particles over a large area, mostly 
down-wind and relatively close ‘to the point of explosion—although the lighter 
particles are carried great distances. The main radioactivity of fallout decreases 
very rapidly with time—for the most part, within the first hours after the ex- 
“plosion. An in-the-air explosion where the fireball does not touch the earth’s 
surface does not produce any serious radiological fallout hazard. SLE 

Since nuclear weapons are in possession of the USSR, the Commission believes 
the American people wish to be informed regarding the dangers of nuclear ex- 
plosions and the measures which individuals can take to protect themselves if 
an atomic attack should ever occur. Therefore, the Commission -has condensed 
in the attached Report the information which can be made public at this time 
on the effects of the explosions of high-yield nuclear weapons. 

The following excerpts and summarized sections contain the highlights of the 
Report itself, 

FALLOUT PATTERN OF 1954 TEST IN THE PACIFIC 


The very large thermonuclear device tested at Bikini Atoll on March 1, 1954, 
was detonated on a coral island and the ensuing fallout contaminated an elon- 
gated, cigar-shaped area extending approximately 220 statute miles down-wind 
and varying in width up to 40 miles. In addition, there was a contaminated area 
up-wind and cross-wind extending possibly 20 miles from the point of detonation. 
Data was collected from 25 points on 5 atolls located from 10 to 330 miles down- 
wind (generally east) from Bikini Atoll. Due to an unexpected shift in the 
direction of the prevailing winds in the higher altitudes, the fallout missed the 
observation rafts that had been placed farther north previous to the test firing. 
‘The estimated contour of the pattern of fallout is, therefore, based only in part 
on data obtained from actual measurements and partly on calculations. 

Data from this and other tests permits estimates of casualties which would 
have been sufferer within this contaminated area if it had been populated. ‘These 
estimates assume: (1) that the people in the area would ignore even the most 
elementary precautions; (2) that they would not take shelter but would remain 
out of doors completely exposed for about 36 hours; and (3) that in consequence 
they would receive the maximum exposure. Therefore, it will be recognized that 
‘the estimates which follow are what might be termed extreme estimates since 
they assume the worst possible conditions. 

On the basis of our data from this test and other information, it is estimated 
that. following the March 1, 1954, test explosion, there was sufficient radioactivity 
in a down-wind belt about 140 miles in length and of varying width up to 20 
miles to have seriously threatened the lives of nearly all persons in the area 
who took no protective measures. 

Some distance farther from the point of detonation, at about 160 miles down- 
wind and along the exis of the ellipse, the amount of radioactivity would have 


seriously threatened the lives of about one-half of the persons in the area who 
took no protective measures. een | 
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Near the outer edge of the ellipse, or approximately 190 miles down-wind, it 
is estimated that the level of radioactivity would have been sufficient to have 
seriously threatened the lives of 5 to 10 percent of any persons who might have 
remained exposed out of doors for ali of the first 36 hours. 

Thus, about 7,000 square miles of territory down-wind from the point of burst 
was so contaminated that survival might have depended upon prompt evacuation 
of the area or upon taking shelter and other protective measures. 

At a distance of 220 miles or more down-wind, it is unlikely that any deaths 
would have occurred from radioactivity even if persons there had remained ex- 
posed up to 48 hours and had taken no safety measures. 

The estimates cited above do not apply uniformly throughout the contaminated 
area inasmuch as the intensity of radioactivity within a region of heavy fallout 
will vary from point to point, due to such factors as air currents, rain, snow, and 
other atmospheric conditions. Because of this and because most persons, if 
given sufficient warning, probably would evacuate the area or take shelter and 
other precautionary measures, the actual percentage of fatalities could reason- 
ably be presumed to be considerably smaller than these extreme estimates. 


PROTECTION AGAINST FALLOUT 


In the area of heavy fallout the greatest radiological hazard is that of exposure 
to external radiation, which can be greatly reduced by simple precautionary 
measures. Exposure can be reduced by taking shelter and by simple decontami- 
nation measures.. Test data indicates that the radiation level, i. e., the rate of 
exposure, indoors on the first floor of an ordinary frame house in a fallout area 
would be about one-half the level out of doors. Even greater protection would 
' be afforded by a brick or stone house. Taking shelter in the basement of an 
average residence would reduce the radiation level to about one-tenth that ex- 
-perienced out of doors. Shelter in an old-fashioned cyclone cellar, with a cov- 
ering of earth three feet thick, would reduce the radiation level to about 1/5000, 
or down to a level completely safe, in even the most heavily contaminated area. 
Designs of shelters of simple yet effective construction have been prepared by 
the Civil Defense Administration and are available to the public. 

Radioactive material deposited during the fallout may. or may not be visible 
but would be revealed by radiation detection instruments such as Geiger count- 
ers. Any falling dust or ash that can be seen down-wind within a few hours 
after a nuclear explosion should be regarded as radioactive until measured by a 
radiation detection instrument. 

Care should be taken to avoid the use of solid foods or liquids that may con- 
tain fallout particles. 

If fallout particles come into contact with the skin, hair, or clothing, prompt 
decontamination precautions such as have been outlined by the Federal Civil 
Defense. Administration will greatly reduce the danger. These include such 
simple measures as thorough bathing of exposed parts of the body and a change of 
clothing. 

INTERNAL RADIATION EFFECTS 


Two other factors must be considered in evaluating possible hazards from 
radioactive fallout. The first is the effect of internal radiation from fallout 
_ particles swallowed in food.or liquids. The second is the effect of radiation upon 
the germ cells which transmit inherited characteristics from one generation to 
another... It. should be noted that in neither case is there reason to believe that 
. weapons testing programs ef the United States have resulted in any serious 
public hazard. 

The radioactive forms of strontium and iodine are the constituents of fallout 
which are of principal concern as internal sources of radiation through ingestion. 
The concentrations of these substances from nuclear detonations to date have 
been monitored at many localities, and the amounts detected have been insignifi- 
cant, compared to concentrations which would be hazardous. 


GENETIC EFFECTS OF, RADIATION 


There is a wide range of admissible opinion as to the genetic effects which 
radiation might have upon future generations, and conclusive data is not avail- 
able at present on which to base an incontrovertible forecast. However, it is 
important to recognize that the average amount of radiation exposure received 
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by residents of the United States from all nuclear detonations to date has been 
about the same as the exposure received from one chest X-ray. The Commis- 
sion’s medical and biological advisers do not believe that this small amount of 
additional exposure is any basis for serious concern at this time. 


BLAST AND HEAT EFFECTS 


Two important characteristics of any nuclear explosion, other than those from 
fallout, are the effects of blast and heat, which are of the same nature for a 
thermonuclear bomb as for the earlier and smaller atomic bombs. The intensity 
and area of the blast and heat effects increase in relation to the greater energy 
yield of the explosion. Much information on these two effects has already been 
published by the Atomic Energy Commission, but it might be recalled that an 
atomie bomb of the earliest type, equivalent to 20,000 tons of TNT, would pro- 
duce blast and heat sufficient to destroy, or damage severely, buildings within a 
radius of more than one mile from the explosion point. ‘The United States has 
developed fission bombs many times as powerful as the first atomie bombs, and 
hydrogen weapons in the ranges of millions of tons (megatons) of TNT 
equivalent. 

PROTECTION AGAINST BLAST AND HEAT 


The bazard from both burn and blast effects well owtside the central target 
area would be reduced greatly by shelter. Clothing or almost any kind of shelter 
would reduce the danger of direct burns, although there might be danger of 
clothing and structures becoming ignited. Also, shelter would materially reduce 
the hazard of blast injury by affording protection against flying or falling 
debris. As is generally known, the shelter afforded by ordinary city buildings 
would not suffice within the central area surrounding the point of explosion 
of a large nuclear weapon. For this reason, the Federal Civil Defense Adminis- 
tration recommends evacuation of the central areas of target zones on early 
warning of approaching attack. ; 


FALLOUT FROM NEVADA TESTS 


Only relatively small nuclear test explosions are conducted at the Nevada Test 
Site, in contrast to the tests of high-yield thermonuclear devices at the Pacific 
Proving Grounds. In Nevada, as well as in the Pacific, all tests are planned for 
times when forecast weather conditions minimize the possibility of fallout 
hazard. High air bursts at the Nevada Test Site have produced no significant 
fallout; heavy fallout from near-surface explosion has extended only a few miles 
from the point of burst. The hazard has been successfully confined to the 
controlled area of the Test Site. The highest actual dose of radiation at an 
off-site community has been estimated to be less than one-third of the greatest 
amount of radiation which atomic energy workers are permitted to receive each 
year under the Atomic Energy Commission’s conservative safety standards. 


€ONCLUSION 


In the event of war involving the use of atomic weapons, the fallout from 
large nuclear bombs exploded on or near the surface of the earth would create 
serious hazard to civilian populations in large areas outside the target zones. 
The Atomic Energy Commission hopes that these dangers will never be experi- 
enced by mankind. However, until the possibility of an atomie attack against 
us is eliminated by a workable international plan for general disarmament, the 
study and evaluation of the effects of weapons which might be used against us 


and the improvement of our means of self-defense are a paramount duty of 
our Government. 


A Report BY THE UNITED States ATOMIC ENERGY COMMISSION ON THE EFFECTS 
oF HIGH-YIELD NUCLEAR EXPLOSIONS 


1, Considerable information on the effects of the explosions of atomic weapons 
has been made public by the Government since the first nuclear detonations in 
1945, The handbook, “The Effects of Atomic Weapons”, published in 1950, is 
being revised and brought up to date to include the effects of thermonuclear 
weapons, aS a result of the most recent tests at the Pacifie Proving Grounds. 
References to the effects of thermonuclear explosions have been made in several 
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official statments, beginning with Chairman Strauss’ description of the phenom- 
enon of “fallout” at a White House news conference on March 31, 1954. The 
following statement is designed to condense and correlate information, some 
of which already has been made public and other portions of which have been 
of a classified nature until now. 

2. The effects of nuclear tests are evaluated for civil defense planning as well 
as for military and technological purposes. So long as nuclear weapons are 
in possession of any unfriendly power, the Commission believes the American 
public will wish to be as fully informed as possible as to the nature and extent 
of the dangers of nuclear attack and of the protective measures that can be 
taken by individuals and communities to avoid or minimize those dangers if 
we should be attacked. 

3. Test conditions, which must necessarily form the principal basis of evalu- 
ating the effects of nuclear explosions, may differ markedly from those which 
might be expected if nuclear weapons were used against our population in war- 
time. It would be difficult to predict the size or kind of bomb an enemy might 
use against us in event of war, the exact means of its delivery, the height at 
which it would be exploded, or the number of bombs which might reach a given 
target. Nevertheless, the facts to follow are the fundamental ones at this time. 


FOUR EFFECTS OF DETONATIONS 


4. A nuclear detonation produces four major characteristics—blast, heat, imme- 
diate nuclear radiation, and residual radioactivity. Of these, the first three are 
essentially instantaneous, while the fourth has a more protracted effect. The 
phenomena of blast, heat, and nuclear radiation from the detonation of a thermo- 
nuclear bomb are of the same nature as those of earlier and smaller atomic 
bombs.’ The nature of the phenomena is, in general terms, standardized whether 
the bomb be a 20,000-ton (TNT equivalent) atomic weapon or a thermonuclear 
one of many times that power. The intensity and area of the blast, heat, and 
nuclear radiation increase in relation to the greater energy yield of the explo- 
sion. Information on these effects has been extensively publicized; therefore, 
the remainder of this report deals principally with effects other than heat and 
blast. 

5. Residual radioactivity, although in no sense exclusive to high yield thermo- 
nuclear detonaions, does become a mater of major concern when a large thermo- 
nuclear device of the type used in the 1954 tests in the Pacific is exploded. The 
fallout of radioactivity from such an explosion, may, under certain conditions, 
settle over wide areas. Therefore, the extent and severity of this radioactive 
fallout has been a subject of continuing study since the first full-scale thermo- 
nuclear tests at the Pacific Proving Grounds on November 1, 1952. The results 
of these studies and of our evaluation of data obtained from the latest tests 
in the Pacific in March, 1954, are described in subsequent parts of this report. 

6. It should be noted that if we had not conducted the full-scale thermo- 
nuclear tests mentioned above, we would have been in ignorance of the extent 
of the effects of radioactive fallout and, therefore, we would have been much 
more vulnerable to the dangers from fallout in the event an enemy should resort 
to radiological warfare against us. 


BLAST AND HEAT EFFECTS 


7. The effects of blast and heat from a nuclear explosion are relatively local- 
ized. One A-bomb of the earliest type equivalent to 20,000 tons of TNT (20 
kilotons) would produce blast sufficient to destroy or damage severely resi- 
dences within a radius of more than one mile from the point of burst. Within 
a radius of about a mile and a half, residences would be so damaged as to be 
unusable without repairs. A principal hazard to human beings would come 
from flying and falling debris and from fires due to such causes as broken gas 
and electric lines or overturned stoves. The area in which injuries to human 
beings would be caused by blast, therefore, would be about the same as the area 
of damage to structures. 

8. The United States, as announced previously, has developed fission bombs 
many times as powerful as the first A-bombs, and hydrogen weapons in the ranges 
of millions of tons (megatons) of TNT equivalent, For these larger weapons, 
the blast effects can be ealculated approximately by means of a scaling law, 
namely, the distance at which a given blast intensity is produced varies as the 
cube roots of the yields of the explosions. 
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9. Similarly, the heat and burn effects of nuclear explosions can be estimated 
from accumulated data. These effects, of course, are influenced by prevailing 
atmospheric conditions. The time element also is a prime factor. Very large 
weapons deliver heat over an appreciably greater period of time than smaller 
weapons. A given quantity of heat from a high-yield weapon, delivered over 
a longer period of time, will produce somewhat less severe burns than the 
same quantity of heat from a nominal detonation. 


PROTECTION AGAINST BLAST AND HEAT 


10. The hazard from both burn and blast effects in the outer affected areas 
would be reduced greatly by shelter. Clothing or almost any kind of shelter 
would reduce the danger of direct burns, although there might be some danger 
of clothing and structures becoming ignited. Also, shelter would materially 
reduce the hazard of blast injury by affording protection against flying or falling 
debris. The Federal Civil Defense Administration has made extensive studies of 
shelters and has issued plans for several simple and inexpensive types which 
can be utilized by householders. As is generally known, the shelter afforded by 
ordinary city buildings would not suffice within the central area surrounding 
the point of burst of a large nuclear weapon. For this reason, the Federal Civil 
Defense Administration recommends evacuation of the central areas of target 
zones on early warning of approaching attack. 


RADIATION ‘EFFECTS 


11. The immediae nuclear radiation, 1. e., the neutrons and gamma rays 
released instantaneously with the explosion of a large weapon on or near the 
ground, does not present a serious hazard beyond the area where pene and blast 
are of great concern. 

FALLOUT RADIATION 


12. However, particles with residual radioactivity produced by a detonation 
(as opposed to the immediate nuclear radiation) may fall out.over an area much 
larger than that affected by blast and heat, and over a longer period of time. 
All nuclear detonations produce radioactive materials, but the nature and extent 
of the radioactive fallout depends on the conditions under which the bomb is 
fired. ‘The main radioactivity of a bomb’s fallout increases very rapidly with 
time—for the most part, within the first hours after the detonation. 


FALLOUT FROM IN-THE-AIR DETONATIONS 


13. In an in-the-air explosion where the fireball does not touch the earth’s 
surface, the radioactivity produced in the bomb condenses only on solid par- 
ticles from the bomb casing itself and the dust which happens to be in the air. 
In the absence of material drawn up from the surface, these substances will 
condense with the vapors from the bomb and air dust to form only the smallest 
partieles. These minute substances may settle to the surface over a very wide 
area—probably spreading around the world—over a period of days, or even 
months, But they descend extremely slowly with the result that, by the time 
they have reached the earth’s surface, the major part of their radioactivity 
has been dissipated harmlessly in the atmosphere, and the residual contami- 
nation is widely dispersed. 


FALLOUT FROM SURFACE DETONATIONS 


14. If, however, the weapon is detonated on the surface or close enough 
so that the fireball touches the surface, then large amounts of material will 
be drawn up into the bomb cloud. Many of the particles thus formed are 
heavy enough to descend rapidly while still intensely radioactive. The result 
is a comparatively localized area of extreme radioactive contamination and a 
much larger area of some hazard. Instead of wafting down slowly over a vast 
area, the larger and heavier particles fall rapidly before there has been an 
opportunity for them to decay harmlessly in the atmosphere and before the 
winds have had an opportunity to scatter them. 

15. The area of hazard from radioactive fallout from a surface or near-surface 
explosion of a thermonuclear weapon is much larger than the areas seriously 
affected by heat and blast. The large radioactive cloud of a thermonuclear 
explosion rises with great rapidity to the highest levels of the atmosphere 
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and spreads over hundreds of square miles in the first hours. During this time 
the winds toss the extremely radioactive particles about and the pattern of 
the radioactive fallout is determined by the size of the particles and by the 
direction and velocities of the winds, including those up to 80,000 feet and above. 
The nature of the surface of the earth on which the bomb is fired also must 
be taken into consideration. Because of these variables, it is impossible to 
apply a single fallout pattern to all thermonuclear detonations, even test ex- 
plosions conducted under selected conditions. However, with adequate knowl- 
edge of atmospheric conditions, including wind directions and velocities up to 
high levels and meteorological reports, the fallout region for any detonation 
usually can be predicted with considerable accuracy. In general terms, the 
region of severe fallout contamination from the detonation of a thermonuclear 
weapon fired on or near the surface can be described as an a soos a cigar- 
shaped area extending down-wind from the point of burst. 


FALLOUT PATTERN OF 1954 TEST IN THE PACIFIC 


16. The very large thermonuclear device fired at the Bikini Atoll on March 1, 
1954, was exploded on a coral island. Coral consists of calcium carbonate, 
thus the detonation’s radioactivity was spread by particles consisting largely 
of unslaked lime which, during the hours of descent, was slaked by moisture 
in the atmosphere. These particles ranged between 1/1000th and 1/50th of 
an inch in diameter and were, on the average, somewhat adhesive. The pre- 
vailing winds were westerly so the bomb cloud moved generally to the east 
and deposited the radioactive particles in varying amounts over an elliptical 
or cigar-shaped area. About 160 (statute) miles down-wind from the point of 
burst the early fallout was observed in the form of fine particles which looked 
like snow... Fallout began there about eight hours after the detonation and 
continued for several hours. 

17. The roentgen is the commonly accepted unit of measurement of radiation 
dosage. A dose of about 25 roentgens of radioactivity received by a person 
over a brief space of time will produce temporary changes in the blood. A 
dose of some 100 roentgens received in a short interval may produce nausea 
and other symptoms of radiation sickness. About 450 roentgens delivered 
over a day or so might be fatal to approximately half of the persons so ex- 
posed. However, because of the body’s repair processes, a total radiation dose 
which would be serious if incurred in a few minutes would produce much less 
effect if spread over a period of years. These statements may be helpful in 
understanding the data which follow. 

18. The test explosion, at ground surface, contaminated a cigar-shaped area 
extending approximately 220 statute miles down-wind and varying in width 
up to 40 miles. In addition, there was a contaminated area up-wind and cross- 
wind extending possibly 20 miles from the point of detonation. Data was 
collected from 25 points on 5 atolls located from 10 to 330 miles down-wind 
‘(generally east) from Bikini Atoll. Due to an unexpected shift in the direction 
of the prevailing winds in the higher altitudes, the fallout missed the observa- 
tion rafts that had been placed farther north previous to the test firing. The 
estimated contour of the pattern of fallout is, therefore, based only in part 
on data obtained from actual measurements and partly on extrapolation, i. e., 
calculations based on known data, including factual information obtained during 
previous tests of smaller devices. 

19. Data from this test permits estimates of casualties which would have been 
suffered within this contaminated area if it had been populated. These esti- 
mates assume: (1) that the people in the area would ignore even thé most 
elementary precautions; (2) that they would not take shelter but would remain 
out of doors completely exposed for about 36 hours; and (38) that in consequence 
they would receive the maximum exposure. Therefore, it will be recognized 
that the estimates which follow are what might be termed extreme estimates 
since they assume the worst possible conditions. 

20. On the basis of our data from this and other tests, it is estimated that, 
following the test explosion on March 1, 1954, there was sufficient radioactivity 
in a downwind belt about 140 miles in length and of varying width up to 20 
miles to have seriously threatened the lives of nearly all persons in the area 
who did not take protective measures. During the actual tests, of course, there 
were.no people in this zone. Inside Bikini Atoll at a point 10 miles downwind 
from the explosion it is estimated that the radiation dosage was about 5,000 
reentgens for the first 36-hour period after the fallout. The highest radiation 
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measurement outside of Bikini Atoll indicated a dosage of 2300 roentgens for 
the same period. This was in the northwestern part of the Rongelap Atoll, 
about 100 miles from the point of detonation. Additional measurements in 
Rongelap Atoll indicated dosages, for the first 36 hour period, of 2000 roentgens 
at 110 miles, 1000 roentgens at 125 miles, and, farther south, only 150 roentgens 
at 115 miles from Bikini. ; 

21. Some distance farther from the point of detonation, at about 160 miles 
down-wind and along the axis of the ellipse, the amount of radioactivity would 
have seriously threatened the lives of about one-half of the persons in the area 
who failed to take protective measures. It is estimated that the radiation 
dosage at that point was about 500 roentgens for the first 36-hour period. 

29, Near the outer edge of the cigar-shaped area, or approximately 190 miles 
down-wind, it is estimated that the level of radioactivity would have been 
sufficient to have seriously threatened the lives of 5 to 10 percent of any persons 
who might have remained exposed out of doors for the first 36 hours. In this 
area the radiation dosage is estimated at about 3800 roentgens for the first 36 
hour period. 

23. Thus, about 7,000 square miles of territory down-wind from the point of 
burst was so contaminated that survival might have depended upon prompt 
evacuation of the area or upon taking shelter and other protective measures. 

24. Ata distance of 220 miles or more down-wind, it is unlikely that any deaths 
would have occurred from radioactivity even if persons there had remained 
exposed up to 48 hours and had taken no safety measures. ) 

25. The estimates cited above do not apply uniformly throughout the con- 
taminated area inasmuch as the intensity of radioactivity within a region of 
heavy fallout will vary from point to point due to such factors as air currents, 
rain, snow, and other atmospheric conditions. Because of this and because 
most persons, if given sufficient warning, probably would evacuate the area or 
take shelter and other precautionary measures, the actual percentage of deaths 
could reasonably be presumed to be considerably smaller than these extreme 
estimates. 
PROTECTION AGAINST FALLOUT 


26. In an area of heavy fallout the greatest radiological hazard is that of 
exposure to external radiation. Simple precautionary measures can greatly 
reduce the hazard to life. Exposure can be reduced by taking shelter and by 
utilizing simple decontamination measures until such times as persons can leave 
the area. Test data indicate that the radiation level, i. e., the rate ef exposure, 
indoors on the first floor of an ordinary frame house in a fallout area would be 
about one-half the level out of doors: Even greater protection would be af- 
forded by a brick or stone house. Taking shelter in the basement of an average 
residence would reduce the radiation level to about one-tenth that experienced 
out of doors. Shelter in an old-fashioned cyclone cellar, with a covering of 
earth three feet thick, would reduce the radiation level to about 1/5000, or down 
to a level completely safe, in even the most heavily contaminated area. Designs 
of shelters of simple yet effective construction have been prepared by the Civil 
Defense Administration and are available to the public. 

27. Radioactive material deposited during fallout may or may not:be visible 
but would be revealed by radiation detection instruments such as Geiger count- 
ers. Any falling dust or ash that can be seen down-wind within a few hours 
after a nuclear explosion should be regarded as radioactive until measured by 
a radiation detection instrument and found to be harmless. 

28. Care should be taken to avoid the use of solid foods or liquids that may 
contain fallout particles. 

29. If fallout particles come into contact with the skin, hair or elothing, 
prompt decontamination precautions such as have been outlined by the Federal 
Civil Defense Administration will greatly reduce the danger. These include 
such simple measures as thorough bathing of exposed parts of the body and a 
change of clothing. 

30. If persons in a heavy fallout area heeded warning or notification of an 
attack and evacuated the area or availed themselves of adequate protective 
measures, the percentage of fatalities would be greatly reduced even in the zone 
of heaviest fallout. 


FALLOUT FROM NEVADA TESTS 
31. Only relatively small nuclear test explosions are conducted at the Nevada 


Test Site, in contrast to the tests of high-yield thermonuclear devices at the 
Pacific Proving Grounds. In Nevada, as well as in the Pacific, all tests are 
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planned for times when forecast weather conditions minimize the possibility 
of fallout hazard. Methods of forecasting weather patterns in these areas are 
improving steadily. High air bursts at the Nevada Test Site have produced 
no significant fallout; heavy fallout frem near-surface explosions has extended 
only a few miles from the point of burst. The hazard has been successfully 
confined to the controlled area of the Test Site. The highest actual dose of 
radiation at an off-site community has been estimated to be less than one-third 
of the greatest amount of radiation which atomic energy workers are permitted 
to recvive each year under the Atomic Energy Commission’s conservative safety 
standards. 
INTERNAL RADIATION EFFECTS 


32. Several basic facts should be kept in mind in evaluating the hazard from 
fallout radiation. First, radiation is not a new phenomenon created by the 
explosions of fission and thermonuclear weapons. Since the beginning ef life, 
living things have been exposed constantly to radiation from natural sources. 
Cosmic rays from space constantly pass through our bodies. We are exposed 
to “background” radiation from radium and radon in the soil, water and air. 
Our bodies have always contained naturally radioactive potassium and carbon. 

33. As pointed out earlier, detonations of all atomic weapons produce radio- 
activity, a portion of which is carried to high altitudes and over great distances 
in the form of fine particles. The percentage of this radioactivity which travels 
beyond the relatively near area of the explosion depends largely on the condi- 
tions under which the bomb is fired, the percentage being higher for in-the-air 
bursts where the fireball does not touch the earth’s surface. The most wide- 
spread radioactivity is produced only by the longer-lived fission products, since 
the radioactivity of the shorter-lived products decays and disappears before the 
particles:-come down to earth in a’ matter of days, weeks, months, and even 
years.’ The longer-lived radioactive products may be distributed over the 
entire earth. However, as the particles are carried farther and farther to 
remote areas, the possibility of significant amounts of fallout decreases. 


RADIOSTRONTIUM FALLOUT 


. 84. One of the most biologically important radioactive. substances found in 
fallout is strontium—90.. It has a long lifetime—nearly 30 years on the average. 
Radiostrontium has a chemical similarity to calcium and, therefore, when taken 
into the body it has a tendency to collect in the bones. Radiostrontium can 
enter the body in two ways—by inhaling or by swallowing. Normally, the 
amount inhaled would be small compared with the amount one might swallow. 
Fallout material deposited directly on edible parts of plants may be eaten 
along with the plants, but washing the plants before they are eaten would 
remove most of:this radioactive material.. However, rainfall carrying the radio- 
strontium down to earth may deposit it in the soil where it can be taken up, 
in.part, by plants and incorporated into plant tissues, later to be eaten by 
humans or by grazing animals which, in turn, provide food for humans. 

35. Since the start of nuclear tests, careful measurements have been made 
of the distribution of radiostrontium over the earth’s surface, in the soils, 
in plants and animal tissues, in the oceans, in rain, in the atmosphere and in 
all forms in which it might be expected to occur. The results of this study are 
reassuring. The amount of radiostrontium now present in the soil as a result 
of all nuclear explosions to date weuld have to be increased many thousand 
times before any effect on humans would be noticeable. 


RADIOIODINE FALLOUT 


386. Among the shorter-lived fission products involved in the study of internal 
radiation, the most biologically important is radioiodine-151 with an average 
life of only 11.5 days. Even though this product may be widely spread after 
a nuclear explosion, the possibility of serious hazard is limited by its relatively 
short life. .Like the nonradioactive form of the element, it concentrates in 
the thyroid gland and, in excessive quantity, conceivably could damage the thyroid 
cells. 

37. Scientists of the Atomic Energy Commission have estimated that the 
average exposure of people in the United States from radioiodine in the fallout 
from the.entire series of tests in the spring of 1954 was only a few percent of 
ee annual dose that can be received year after year and still have no noticeable 
effects, 
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88. These ‘two isotopes—radiostrontium and radioiodine—constitute the prin- 
cipal internal hazards from the radioactivities produced by. the detonations of 
atomic weapons, both fission and thermonuclear. ~The Atomic Energy Commis- 
sion has been engaged for three years ina broad study of the radioactive forms 
of these isotopes and conducts year-round monitoring of these radioactivities 
in many locations. Any accumulation of these materials can be detected with 
great sensitivity so that ample warning of potential hazard could be given long 
before any actual danger occurred from test detonations. The amounts of 
radiostrontium and radioiodine which have fallen outside the areas near the 
test sites as a result of all atomic tests up to now are insignificant compared. 
to concentrations that would be considered hazardous to health. 


GENETIC EFFECTS OF RADIATION 


39. One other effect of radiation must be considered in evaluating the long- 
range possibilities of hazard from nuclear detonations. This is the possible 
genetic effect upon the germ cells which transmit inherited characteristics from 
one generation to another.. At our present stage of genetic knowledge, there is 
a rather wide range of admissible opinion on this subject. 

40. In general, the total amount’of radiation received by residents of the 
United States from all nuclear detonations to date, including the Russian and 
British tests-and all of our own tests in the United. States and the Pacific, has 
been about one-tenth of one roentgen. This is only about 1/100th of the average 
radiation exposure inevitably received from natural causes by a person during 
his or her reproductive lifetime. It is about the same as the exposure received 
from one chest x-ray. 

41. The medical and biological advisers of the Atomic Energy Commission 
believe that the small amount of additional exposure of the general population 
of the United States from our nuclear weapons testing program will not seriously 
affect the genetic constitution of human beings. Nevertheless, we are continuing 
our thorough study-of the entire question and will continue to report our findings 
to the American people. 

SUMMARY 


42. The Atomic Energy Commission hopes that the information on nuclear 
weapons effects contained in the foregoing report will never be reflected in human 
experience as the result of war. However, until the possibility of an atomic 
attack is eliminated by a workable international plan for general disarmament, 
the study and evaluation of weapons effects and civil defense protection measures 
must be a necessary duty of our government. 

43. Inevitably, a certain element of risk is involved in the testing of nuclear 
weapons, just as there is some risk in manufacturing conventional explosives or 
in transporting inflammable substances such as oil or gasoline on our streets 
and highways. The degree of risk must be balanced against the great impor- 
tance of the test programs to the security of the nation and of the free world. 
However, the degree of hazard can be evaluated with considerable accuracy and 
test conditions can be controlled to hold it toa minimum. None of the extensive 
data collected from all tests shows that residual radioactivity is being concen- 
trated in dangerous amounts anywhere in the world outside the testing area.. 

44. In the event of war involving the use of atomic weapons, the fallout from 
large nuclear bombs exploded on or near the surface would create serious hazards 
to civilian populations in large areas outside the target zones. However, as men- 
tioned in the foregoing Report, there are many simple and highly effective precau- 
tionary measures which must be taken by individuals to reduce casualties to a 
minimum outside the immediate area of complete or near-complete destruction by 
blast and heat. Many of these protective measures, such as shelter and decon- 


erage teas procedures, have been detailed by the Federal Civil Defense Admin- 
stration. 


UNITED States ATOMIC ENERGY COMMISSION, 
Washington 25, D. C., August 8, 1956. 
Hon. Citinton P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON : Enclosed for the information of the Joint Committee 
on Atomic Energy are the Atomic Energy Commission’s analyses on the following : 
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1. The Biological Effects of Atomic Radiation, a study by the National 
Academy of Sciences, 1956. 

2..The Hazards to M an of Nuclear and Allied Radiations, a report by the 
United Kingdom Medical Research Council of June 1956. 

3. Race poisoning by Radiation, an article by H. J. Muller, appearing  in- 
the Saturday Review, June 9, 1956... fost 

Primary attention has been devoted to. the two basic documents—the reports 
of the National Academy of Sciences and the United Kingdom Medical Research 
Council. These are competent, well written reports and we trust that an in- 
creased public understanding of the effects of atomic radiation will result from 
their publication. We note, however, that with the exception of the article 
“Radioactive Fallout through September 1955” by Hisenbud and Harley to be 
published this month in SCIENCH, there were no major data presented in either 
the National Academy of Sciences’ report or the United Kingdom Medical Re- 
seareh Council report not already known to the Atomic Energy Commission and 
previously reported in open literature. 

Except for some difference in the Strontium-—90 data, the data, eonélusions 
and recommendations of both reports were in good ‘agreement considering the 
complexity of the problems and- the independence of the two studies.: The 
reports recommended an additional restriction as to the total radiation exposure 
to be permitted over a number of years. It is not anticipated that the reports 
will create any major change in our position regarding our wisps nel testing 
position or the Atomc-for-Peace program. © 

Or did they merely get to the point of recognizing a genetics hazard? 

Both the NAS and the UK reports consider the genetics aspect of radiation 
as being paramount. It is with this factor principally in mind that upper limits 
of whole bodily exposure over a long period of time were recommended. Based 
on these recommendations and those forthcoming from the International Com- 
mission on Radiation Protection, the AEC may consider placing an upper limit 
of yearly exposure for atomic energy workers. However, the average exposure 
to atomic energy workers during past operations has been so far below the 
maximum permissible level that the placing of a yearly upper limit would not be 
expected to impose any major restriction. 

The NAS report recommended an upper limit of 50 roentgens for individual 
exposure up to age 30, and 10r during the like period for the general populace. 
Except in the ease of the March 1, 1954, incident involving intensive fallout in 
the Marshall Islands area, no individual outside the testing areas has been exposed 
to even the 10r maximum recommended for the populace as a result of fallout 
from the U. S. nuclear testing program. The NAS report estimates that if the 
nuclear weapons tests were continued at the present rate the average exposure 
for the general population of the United States over a 30-year period would be 
about one-tenth of a roentgen. In summary, the report was reassuring as regards 
nuclear weapons testing; it did not attempt to face up to the problems of an 
atomic war; and, finally, it was preoccupied with the potential hazards inherent 
in a developing era of large scale atomic power. 

As to the Strontium—90 accumulating in the biosphere, the AEC will contirue 
its extensive program of maintaining collection stations throughout the world 
and of analyses of the samples. This close and continuing checking system will 
provide ample warning of any significant upward trends in the Strontium--90 
content of the biosphere before hazardous levels would be approached. It is 
indicated in the NAS report that the highest levels observed throughout the world 
are about 1/100 of the Academy’s estimate of permissible concentration for the 
population as a whole. Furthermore, our knowledge of present pollution from 
radiostrontium is more exact and more extensive than that with respect to any 
other atmospheric pollution. 

' Sincerely yours, 
K. E. Fretps, General Manager. 
Enclosures: 

1. Critique of NAS Report 

2. Critique of British Medical Research Council 

3. “Race Poisoning by Radiation”—Comments on 
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(Enclosure 1) 
CRITIQUE OF THE REPORT OF THE NATIONAL ACADEMY OF SCIENCES 


THE BIOLOGICAL EFFECTS OF ATOMIC RADIATION BASED ON (1) “a REPORT TO THE 
PUBLIC,” AND (2) “SUMMARY REPORT.” 


To understand and best evaluate the implications of this report it is important 
to bear in mind the background of the individual scientists who made the study 
and their relationship to the National Academy of Sciencies-National Research 
Council and to the Government. 

The NAS-NRCG is not a Government organization. True, it was established 
by President Lincoln in order to haye a distinguished body of scientists with 
whom the Government could consult at the time of the Civil War. On the 
other hand, it is a self-perpetuating body of free Americar scientists who 
control the membership of the Academy without any Government appointments, 
While various Federal agencies may appoint representatives to the various 
divisions of the National Research Council (the operating body of the NAS), 
they serve to bring problems to the Council for advice, and not to control the 
actions or the opinions of Council. 

In the case of this study, the President of the NAS, Dr. Detley W. Bronk, 
called together some 100 American scientists to carry out the study as indi- 
vidual citizens. While some of the scientists were Government employees and 
top advisers to Government on scientific matters, they were not acting in 
these capacities in their participation in the study. rs 

The study was undertaken largely as a result of the concern felt throughout 
the country following the March 1, 1954 thermonuclear test explosion at Bikini, 
as a result. of which a number of Marshall Islanders and Japanese fishermen 
were irradiated by fallout debris from the explosion. Subsequently, a number 
of scientific bodies in the U. S. passed resolutions requesting that a study be 
made of the possible effects on the human race of continued nuclear weapons 
testing. 

In April, 1955, the Rockefeller Foundation provided the NAS with funds for 
undertaking a very broad study of the effects of atomic radiation. The sub- 
ject reports are the final fruits of this study, which will be a continuing one. 

Whereas the AEC has always been aware of the possible hazards from fall- 
out from surface bursts of atomic weapons (see “Effects of Atomie Weapons,” 
1952), it had been even more aware of possible hazards to nearby livestock 
and the public generally from serious accidents which could conceivably occur 
to large production reactors such as those at the Hanford Works. The Bikini 
fallout incident made it abundantly clear that fallout was important from 
the standpoint of continued weapons testing and as a factor in civil defense 
planning. The problem of radiation effects has been under continuing review by 
the AEC and by the joint U. S. U. K. and Canada Tripartite meetings. In 
addition, the AEC has contributed a major portion of the basic scientific data 
for the deliberations of the National Committee for Radiation Protection and 
the International Commission for Radiation Protection. ey 

A few words are in order on the general approach of the NAS study com- 
mittees. They did not include an evaluation of the effects of an atomic war. 
As Dr. Bronk stated in the press conference of June 12, 1956, he could not 
define an atomic war so he asked the committees to limit themselves to peace- 
time atomic energy activities including weapons testing. . 

In the Foreword to the Summary Report, Dr. Bronk stated: “The use of 
atomic energy is perhaps one of the few major technological developments of 
the past 50 years in which careful consideration of the relationship of a new 
technology to the needs and welfare of human beings has kept pace with its 
development. Almost from the very beginning of the day of the Manhattan Proj- 
ect careful attention has been given to the biological and medical aspects of the 
subject. By contrast, the automobile revolutionized our pattern of living and 
working, but we are only now beginning to appreciate the problems of safety, 
urban congestion, nervous tension and atmospheric pollution which have ac- 
companied its development. In the same way, the development of the aircraft 
industry outran our knowledge of how to meet the environmental needs of the 
human beings it intended to transport through the skies.” 

The scientists, save for the geneticists, were all person who had actively 
participated in the past in the efforts to reduce industrial toxicological hazards, 
air poliution, stream and harbor pollution, and soil and crop pollution, and de- 
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struction which has occurred with developing industries largely uncontrolled 
until serious damage had already taken place. They are determined that with 
a much greater body of knowledge to draw on concerning radiation effects, 
similar situations will not arise as a result of the rapidly growing atomic energy 
industry with its even greater potential dangers. 

Consequently, once they had. assured themselves on two. points, namely: 
weapons testing at the present rate and with present safeguards was not a 
present menace, and the safety precautions of our present atomic energy opera- 
tions were indeed effective, they became preoccupied with pointing out the 
problems inherent in a greatly expanded atomic energy industry. There con- 
stantly recurs through the report the idea that all is well today but for the 
future let us be very careful indeed. 

In summary, the report was totally reassuring as regards nuclear weapons 
testing, it did not attempt to face up to the problems of an atomic war, and 
finally it was preoccupied with the potential hazards inherent in a developing 
era of large scale atomic power. 


Sumnary Report of the Committee on Genetic Effects 


This Committee consisted of geneticists, one authority on radiation pathology, 
one authority on radiological physics and radiation hazard control, and a 
mathematician, Dr. Warren Weaver of the Rockefeller Foundation, who chaired 
the group. 

They considered the genetic effects against the background of present knowl- 
edge concerning radiation as a cause of mutations in microorganisms, plants, 
insects, and mice, bearing in mind the tendency of modern civilization to con- 
serve all human life whether perfect or imperfect. They call attention to the 
perhaps greater importance of mutations which are relatively inapparent such | 
as defects in resistance to disease processes, decreased fertility and curtailed 
life span, and impaired physical and mental vigor. The more dramatic muta- 
tions, monsters, still births, and early developmental defects leading to abortion 
and miscarriage are not apt to be passed on to another generation. The appar- 
ently relatively negative results of the genetics survey of the survivors’ first 
generation at Hiroshima and Nagasaki serve to emphasize the validity of this 
point of view. This study demonstrated that with the methods used and the 
radiation dosages received, the heavily irradiated surviving population was not 
sufficiently large for it to be possible to demonstrate a statistically significant 
difference in the number of mutations in the offsprings of irradiated parents as 
compared with offsprings of non-irradiated. control parents. It did not prove 
in any sense of the word that there was no genetic effect. 

Following a general discussion of the mechanisms of genetic change espe- 
cially as produced by radiation, both natural and artificial, the committee made 
certain recommendations. In doing so they used natural background radiation 
exposure (i. e., radiation from cosmic rays, igneous rocks, radium and radio- 
potassium in our bodies, etc.), and the so-called spontaneous mutation rate as 
base lines. In addition they were unanimous that no increase in the spontane- 
ous mutations rate was desirable and that all radiation exposure to the germ 
cells at whatever rate of exposure did indeed increase the mutation rate in pro- 
portion to the total exposure received at the time of conception. Consequently 
they stated that all radiation exposure to the gonads was detrimental and con- 
sequently radiation exposures should be kept at the minimum consistent with 
the overall needs of a society. 

They then observed that half of the American children were born of parents 
approximately 30 years of age or less. They noted that by the age of 30 the 
average American would receive germ cell exposures as follows: 
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They then estimated that the exposure necessary to double the mutations rate 
in humans lay between 52 and 150r, more likely 30r to 80r, but also that different 
gene loci were quite different in their sensivity to radiation. 'Taking these obser- 
vations into consideration they felt that if the population as a whole were to 
receive no more than 10r man-made exposure to radiation to the germ cells prior 
to the age of thirty no serious consequences would result. They, therefore, 
recommended that no one should receive a total accumulated dose to the repro- 
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duction cells of more than 50r prior to the age of thirty without clear cut medical 
reasons, and that in any event the average exposure of populations as a whole 
should not exceed 10r by the age of thirty. They point out that at present about 
% this figure is already being used up by medical x-ray exposures many of which 
could with proper precautions be greatly reduced. é 

As to occupational exposures the Committee considered this to be a limited 
group—no estimates were made as to its actual or potential size. 

As finalized in the report the recommendations are: 

1. There should be a national system of keeping radiation exposures on 
all persons as is now practiced at AKC establishments. 

2. Medical exposures to the germ cells should be reduced. 

8. No more than 10r by age thirty for the population as a whole. 

4. The subject should be reviewed periodically with a view to possible 
further reduction in exposure. 

5. No body, however, employed, should receive more than 50r of exposure 
prior to the age of 30. . 

6. For special activities inherent in which are a greater liability to over- 
exposure individuals who for one reason or other are unlikely to procreate 
shouldbe selected. 

7. The state of knowledge in the field of genetics has been outrun by our 
knowledge in the field of physics. ; 

8. Keep all exposures to the germ cells as low as possible for radiation 

- exposure is generally detrimental. to living cells. 
In essence, this Committee formalized the current thinking on the subject. It 
did not come up with any new or startling conclusions or recommendations. 


The Committee on Pathologic Effects of Atomic Radiation 


This Committee was composed of scientists well versed in radiation pathology 
and chaired by Dr. Shields Warren, Director of the Cancer Research Institute 
of the New England Deaconess Hospital, Boston, Massachusetts, and was for 
five years—1948 to 1952—Director of the Division of Biology and Medicine of 
the Atomic Energy Commission. 

This group and subcommittees on blood, lung, delayed effects, and toxicity of 
ingested radioactive materials reviewed the present state of knowledge and 
found that our knowledge of immediate effects was much greater than for delayed 
effects. They observed a five year lessened life span for American radiologists, 
estimated to have received from a few roentgens to 1000r of exposure as com- 
pared with physicians not using radiation—and agreed that until we had more 
precise knowledge of the cumulative effects of repeated small exposure of the 
whole body to radiation the rule of thumb recommended by the Genetics Com- 
mittee could equally well apply to medical effects. That is, no one should receive 
more than 50r total accumulated dose to the reproductive cells by age 30—and 
no more than 50Or for each decade thereafter. This, they felt, would assure that 
any life expectancy curtailment would be exceedingly minor, and the likelihood 
of induced leukemia minimal. They noted that as far as effects on the 
plood-forming organs, the intestinal tract, etc., are concerned, none of these 
effects have been detected among those who have adhered to present permissible 
dose levels. 

As for the hazards from ingestion and radioactive materials, they confirmed 
the validity of existing National Committee for Radiation Protection and Inter- 
national Commission for Radiation Protection recommendations and as for the 
most important of the fission products in fallout, namely Strontium—90 they 
stated “there seems to be no reason to hesitate to allow a universal human 
strontium burden of 1/10 of the permissible yielding 20 rep in a lifetime. * * * 
Visible changes in the skeleton have been reported only after hundreds of rep 
were accumulated and tumors only after 1,500 or more.” The permissible level 
referred to is that recommended by the NCRP for industrial workers. The 
Committee noted that although “some children have accumulated a measurable 
amount of radioactive strontium in their bodies, the amount is quite small— 
a thousandth of what is considered a permissible dose. The Committee con- 
cluded, “then, that Strontium-90 is not a current threat, but if there were any 
substantial increase in the rate of contamination in the atmosphere, it could 
become one.” 
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Committee on Meteorological Aspects of Atomic Radiation, Chairman Harry 
Wealer, U. S. Weather Bureau 


In this part of the report there is the fullest discussion of fallout from nuclear 
weapons. They distinguish between kiloton bursts when the cloud does not pene- 
trate to the stratosphere and megaton bursts where the cloud does. They esti- 
mate that with surface bursts, i. e., where the fireball touches the ground 70-80% 
of the residual radioactivity falls out nearby, i. e., with small weapons a 
few miles, with larger ones up to 300 miles or more. They emphasize the ease 
of predicting this “nearby” fallout pattern after the fact and the problem of 
predicting its precise pattern prior to detonation. 

They speak of intermediate fallout, i. e., material of small particle size released 
below the stratosphere and some 80% of which falls out within three weeks 
in the same hemisphere in which it originated and tending to uneven distribu- 
tion associated with rainfall and wind patterns along a broad band in the same 
general latitude as that of its origin. Finally, they refer to delayed fallout of 
material which has gained entry into the stratosphere.’ It is'‘slow with an average 
storage time in the stratosphere of 10 years, plus or minus 5 years. 'This delayed 
fallout tends to distribute itself more or less uniformly over the surface of the 
earth over the years. f 

They state that “at present, the amount of Sr 90 in the stratosphere from 
nuclear weapons tests is far too small to approach maximum permissible concen- 
tration even if it were all deposited now.” They urged a continuing program 
to check on the amount of radioactivity in the stratosphere -as necessary so 
that if there were to be a greatly increased rate of thermonuclear weapons test- 
ing activities we would know at the earliest moment when it was time to slow 
down in terms of potential hazard from‘Sr 90 to man. 

There is also a discussion of the radioactivity from fallout of the intermediate 
-and delayed variety. They point out that it is usually too feeble to measure with 
a hand monitor—that air sampling does not give precise results as the amount of 
the passing air does not bear a direct relationship to what falls on the ground. 
The best measure of the actual fallout available to date are laboratory analysis 
of fallout on gummed paper, in collecting pots, and actual analysis of the soil. 

There is a discussion of atmospheric radiocontamination as a result of uncon- 
trolled release of materials such as radio-krypton and radioiodine from power 
reactors and processing plants. They point out that continued control over 
release of these products as is now done is essential. Control is by permitting a 
“cooling” time for short-lived radioactive materials to decay away, by off-gas 
cleaning, and by scheduling release of materials with due regard to meteoro- 
logical conditions at the time. 

There is a Section on possible uses of radioactive materials in the study of the 
science of meteorology. Natural radon gas in the air can be helpful in under- 
standing vertical movements of air from the land. Weapons tests have taught 
-Immuch with respect to lateral spread of air masses at various altitudes—how 
rain scavenges the atmosphere of particles—the rate of transport from the 
stratosphere to the troposphere and the removal time for water from the 
atmosphere. Experiments could be conducted using introduced radioactive 
materials under controlled conditions to study airflow and diffusion rates, 
hydrometeorology, i. e., condensation, precipitation and avaporation, and to 
study electricity of the atmosphere especially the possible relationship of elec- 
trical fields to the weather. 

As to effects of nuclear weapons testing on the weather the committee stated: 

1. Nuclear Weapon debris was not effective as a seeder for rain. 

2. The amount of ionization produced is insignificant in meteorological. 
terms. 

8. There has been no measurable decrease in the amount of direct sunlight 
reaching the earth whereas volcanoes have been known to decrease it by 
as much as 10-20% for appreciable periods of time. 

4. The apparent recent increase in severe storms is probably the result of 

_ “improved methods. of reporting.” 


Committee on the Effects of Atomic Radiation, Oceanography and Fisheries, 
Chairman Roger Revelle, Scripps Institute of Oceanography 


This group viewed the past record of this country with respect to pollution of 
streams, waterways and harbors with extreme repugnance, ‘They point out 
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that 71% of the earth’s surface is ocean and that eventually everything gets 
into the oceans. : Aig ; ; 

They note that the sea as compared to the land is relatively nonradioactive. 
Natural radioactivity of the seas is 1/100 that of igneous rocks. As a result 
of weapons tests they report the following: two days after Operation Castle 
was over in the spring of 1954 there was a millionfold increase in radioactivity 
of the surface waters near Bikini; that after four months 1500 miles away 
it was three times the normal amount and that at 13 months are area of surface 
water contamination had spread over a million square miles, and that at a distance 
of 3500 miles from Bikini the “artificial” radiactivity was 1% the natural. 

They concluded that to date there has probably been no damage to life in 
the sea except that at the test site proper. They call attention to concentration 
of radioactivity by plant forms in the sea and warn repeatedly against indis- 
criminate dumping of radioactive wastes into the sea. They discuss the 
“flushing time” of the Black Sea 2500 years as compared with perhaps 100 or 
200 years for the shelf-deeps of the Atlantic and Caribbean. They stress they 
need to know much more about the ocean depths and their movements. (The 
International Geophysical Year has a very large-scale study of the depths 
planned for 1957-58.) This committee would apparently permit “controlled” 
sea disposal especially of short-lived radioactive materials. They recommend 
that “Industrial agencies formulate conventions for the safe disposal of atomic 
wastes at sea, based on existing knowledge.” This would seem to be a very 
logical. and necessary move. To date, except for small amounts of short-lived 
material, the U. S. has not dumped any radioactive wastes in the sea. We 
are still storing all process wastes in tanks. 

They further recommend collaborative studies of the oceans and their organisms 
and though a beginning has been made urge a greater effort. Finally, they 
contend that in ten or twenty years certain radiatracer: experiments will not 
be possible beeause of widespread low level contamination of the seas. This 
may well be true. i 


Committee on the Effects of Atomic Radiation on Agriculture and Food Supplies, 
Chairman Prof. A. G Norman, University of Michigan, Ann Arbor, Mich. 


This group first discussed the application of atomic energy techniques to the 
agricultural sciences. They feel great advances will be forthcoming, but perhaps 
not as soon as some claim. They note the value of radioactive tracer studies in 
improving our knowledge of how most economically to apply fertilizers, and to 
improve plant nutrition. They note the great potential value of ionizing radia- 
tion to induce mutations in speeding up crop improvement programs. They 
point up the invaluable contribution tracer studies can make to our understand- 
ing of animal nutrition. They touched on the problem of radioisotopes as 
possible contaminants in food products and point out that present law classes 
radioisotopes of any sort or in any amount as poisons. They urge a more 
realistic approach to this inasmuch as no food product is or ever has been liter- 
ally free. of radioactivity. 

There is a general discussion of possible effects of fallout and the like on the 
ecology of the country. The committee recommends that it may well be in the 
public interest to expand the present programs to a. continuous study of the 
changes in levels of background radiation and the movements of radioactivity 
in the system. (This is in essence an activity that the AEC has already under- 
way and is expanding very much along the lines recommended. ) ; 

Finally, there is a statement concerning use of radiation for food processing. 
They note that relatively low exposure will destroy parasites.in meat and 
inhibit sprouting in potatoes and onions. They also note that for sterilization 
extremely large doses are required (millions of roentgens).. They felt this area 
of development was moving as rapidly as warranted and that the interest of the 
consumer will be adequately protected. They expect at a later date te review 
the evidence for wholesomeness and acceptability of irradiated foods. 


Committee on Disposal and Dispersal of Radioactive Wastes, Chairman Abel 
Wolman, Johns Hopkins University 


This group considered the magnitude ef the problem not as it ts today but as it 
wili become with full scale production of power by nuclear reactors. They note 
that to date essentially none of these wastes has been returned to the environ- 
ment. It is being stored in tanks, They point out the importance of developing 
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more economic methods of handling these wastes to the total development of 
atomic power. They have no quarrel with present practices but are concerned 
at the future magnitude of the problem. They estimate that by 1980 there will 
be 20X10’ gallons of wastes to deal with. These must, they say, be contained in 
some form or other. AEC has a large program to cope with this problem on two 
fronts—one, to produce perhaps by sintering a non-leachable stable mass and, 
two, to remove by separation the worst offenders, Sr” and Cesium™, 

They note present practices with regard to radioisotope production, transpor- 
tation and utilization are sound, but suggest review from time to time as this 
very rapidly expanding activity cotninues. 

The discussion of reactor accidents as a hazard is quite general. They urge 
continued requirement of containment of the reactor itself for all but small 
research reactors as practiced today in this country. They urge constant vigi- 
lance and conclude that the extreme hazard—total vaporization of a reactor—is 
unlikely. 

In other words, this entire study adds up to reassurance for the present, and 
repeated urgings to keep vigilant lest this new technology needlessly get out 
of hand. 

Enclosure 2 


CRITIQUE OF BRITISH MEDICAL RESEARCH COUNCIL, THE HAZARDS To MAN or Nv- 
CLEAR AND ALLIED RADIATION 


A REPORT TO THE BRITISH MEDICAL RESEARCH COUNCIL 


The British Medical Research Council is a governmental body and was di- 
reeted by the Prime Minister on 29 March 1955 to appoint a committee under the 
chairmanship of Sir Harold Himsworth to review the existing scientific evidence 
on the medical aspects of nuclear and allied radiation. 

This report consists of eight chapters. The first four chapters deal with basic 
understandings of radiation and its biological effects, the fifth chapter with ex- 
isting and foreseeable exposures due both to peacetime uses of atomic energy 
as well. as to nuclear detonations in testing and in warfare, the sixth part with 
recommendations of permissible exposure and the seventh and eighth parts 
with summaries and conclusions. 

Chapter I is an introduction to the report. 

Chapter II discusses in simple terms the nature of radiation and its action on 
living cells.. It deals with well known units, methods of measurement and 
biological effects. 

Chapter III discusses the effects of radiation on the health of the individual. 
It includes discussions of the early effects upon the Japanese at Hiroshima and 
Nagasaki and the later development of an increased incidence of leukemia 
among the survivors. The British state they have demonstrated an increased 
incidence of leukemia in patients with arthritis of the spine treated with x-rays. 
They cite also American statistics on the increased evidence of leukemia in ra- 
diologists. They conclude that radiations can induce leukemia but do not quan- 
titate the expose necessary for such an effect short of large single doses as at 
Hiroshima and Nagasaki: 

There follows a discussion of radiation as an inducer of cancer and a conjec- 
ture that 1000r exposure to radon gas and its daughter produces induced lung 
cancer in. the Schoneberg and Joachimsthal mines. Paradoxically, they go on 
to say that there is no evidence that external x- or gamma rays can cause lung 
tumors in man. 

There is a discussion of radiation as a cause of bone tumors drawn principally 
from the reports of cancer of bones in radium dial workers and individuals given 
radium therapeutically. Most of this is American data. They feel there is not 
much of a factor of safety in the present maximum permissible concentration for 
radium, ‘They indicate the risk of development of bone cancer from x-ray or 
gamma exposure in industry is insignificant. There is brief mention of skin can- 
cer as induced by radiation, and thyroid gland cancer. Again the likelihood of 
this sort of thing from industrial exposure under modern controlled conditions 
is insignificant except, of course, in the event of accidental overexposure. 

Radiation cataracts are mentioned as a hazard subject to ready control. 

This report seems to understate effects of radiation on life span which has 
been so clearly proved in experiments with animals at, to be sure, radiation 
doses somewhat above permissible levels. The National Academy of Sciences re- 
port emphasizes this effect and cites the reduced life expectancy of American 
radiologists, 
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Both reports mention effects of radiation on developing fetuses, and the 
temporary sterility in males exposed to a few hundred roentgens at a single 
exposure. The British report is totally reassuring on the effects of occupational 
exposures on fertility. 

Chapter IV is a very lengthy genetics effects discussion with many figures, 
tabies and calculations and a critique of the Atomic Bomb Casualty Commission 
genetics stud.- in Japan. This is a highly technical discussion and comes out 
with the same conclusions as does the National Academy of Sciences, namely 
that a dose of radiation which would double the mutation rate of a relatively 
small group of prospective parents would produce no noticeable effects. “For 
levels of radiation up to the doubling dose, and even some way beyond, the 
genetics effects of radiation are only appreciable when reckoned over the popu- 
lation as a whole and need cause no alarm to the individual on his own 
account.” 

Chapter V discusses natural radioactivity—radiation from appurtenances of 
civilization and occupational exposure to radiation. The report concludes that 
diagnostic medical X-rays produce exposures to the germ cells of the order of 
22 percent that of background and constitute the most important source of 
man made irradiation. It is estimated that the United Kingdom Atomic Energy 
Authority’s employees receive an average of 0.4rper year. . 

-' The estimated external radiation exposure to people in Great Britain from 
fallout from all past nuclear tests has been quite minimal. ‘“* * * Including all 
ordinary atomic bombs exploded before December 1955, and calculating all the 
radioactivity which they have contributed and will contribute over the next 
50 years, it is found that the total dose which a man, continuously out of doors, 
night and day, would receive is 0.005 r. To this dose from ordinary atomic 
bombs must be added the dose of thermonuclear weapons. For these latter the 
dose from the radioactivity still to be deposited is more important. It can be 
estimated that the accumulated dose from thrmonuclear weapons is 0.002 to 
0.003. r with another 0.027 r still to come. All these doses together add up to 
about 0.035 r from weapons already exploded. This is a maximum dose. The 
loss of radioactivity from weathering has not been taken into account, nor has 
the protection afforded by buildings in and around which most people in this 
country spend a large part of their lives. It would be realistic to divide the dose 
by three for weathering and by seven for protection afforded as a result of time 
spent in houses. The average inhabitant of this country may therefore receive 
in the next 50 years between 0.001 and 0.002 r from this fallout, or 0.02 to 0.04 
percent of the radiation that he will receive during the same period from natural 
surroundings.” 

The report has this to say about the effects of a continuing program of test- 
ing: “***if the firing of both types of bomb were to continue indefinitely at 
the same rate as over the past few years, there would be a buildup of activity 
gradually reaching a plateau in about a hundred years time which, on the same 
basis of calculation, would give the average individual a dose over a period of 
30 years of 0.026 r or about 0.9 percent of what he would receive in the same 
period from natural sources.” 

An important radioactive component of fallout material is Strontium—90. 
This isotope may be deposited in the bone and when present in sufficient quan- 
tities can cause bone cancer. The United Kingdom Medical Research Council 
report estimates that to date about 0.011 curies of Strontium-90 per square mile 
has fallen and that future deposits from past tests may produce a maximum of 
0.045 curies of strontium-90 per square mile by 1965. These data are imme- 
diately evaluated in the report, “* * * these figures should be viewed against 
the background of the fact that the top one foot of soil has always contained 
on the average about one curie per square mile of the equally, if not more, danger- 
ous naturally occurring radium.” 

They estimate the hazard from plutonium in fallout as very small. They feel 
Cesium 137, Iodine 131 and Barium 140 are of very little significance outside a 
nearby area of very heavy contamination. They estimate the gonadal dose as 1 © 
percent of natural background and diagnostic radiology as 22 percent. The dis- 
cussion of atomic warfare is too scant to consider here. 

Chapter VI, Assessment of the Hazards of Exposure to Radiation, is in essence 
a Summary of the foregoing—pointing out the differences between effects on 
the individual and genetic effects. They conjecture that no “authoritative rec- 
ommendation will name a figure for permissible radiation dose to the whole 
population additional to that received from natural sources, Which is more than 
twice that of the general value for natural background radiation.” This is 
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estimated by the British at 0.1 r per year, hence 3 r in 30 years and 7 r in 70 
years. The National Academy of Sciences estimate is an average 4.3 r in 30 
years from natural background exposure and they recommend 10 r as the top 
figure for average exposure of the population as a whole before age 30. 

As to the hazard from strontium” the report states “if the concentration in 
human bones showed signs of rising greatly beyond one-hundredth of that cor- 
responding to the maximum permissible occupational level” they would feel that 
immediate consideration were required. This figure is 10 times the highest they 
report in man today. The National Academy of Sciences report states “It ap- 
pears, then, that strontium” is not a current threat, but if there were any 
‘Substantial increase in the rate of contamination of the atmosphere, it could 
become one.” 

The conclusions are to all intents and purposes identical to those of the 
National Academy of Sciences report. 

1. Adequate justification should be required for the employment. of any souree 
of ionizing radiation on however small a scale. This is not explicitly stated in 
the National Academy of Sciences report but is inherent in it. 

2. Dose levels to the individual—0.3 r per week—200 r in a lifetime for occu- 
pational exposures and no more than 50 r the first 30 years of life. 

3. No more than twice natural background from man made sources for the 
population as a whole. 

4. The present and foreseeable hazards from external radiation due to fallout 
at present rate of testing is insignificant. As to internal hazards from strontium” 
at its present level no detectable increase in the incidence of ill-effects is to 
be expected. “N evertheless, recognizing all the inadequacy of our present knowl- 
edge, we cannot ignore the possibility, that if the rate of firing increases and 
particularly if greater numbers of thermonuclear weapons are used, we could 
~ within the lifetime of some now living, be approaching levels at which ill-effects 
might be produced in a small number of the population.” This is a rather 
roundabout way of saying, “let’s be careful.” 

5. a. All sources of radiation should be under close inspection. A personal 
record not only of doses of radiation received during occupation but also of 
exposures from all other sources such as medical diagnostie radiology should 
be kept for all persons whose occupation exposes them to additional sources of 
radiation. The National Academy of Sciences report would seem to include the 
whole population in its similar recommendations. 

b. Present practices in medical diagnostic radiology should be reviewed with 
the object of clarifying the indications for different special types of examination 
now being carried out and defining more closely, both in relation to the patient 
and to the operators, the conditions which should be observed in their perform- 
“ance. This says, in eflect, “let’s tighten up on unnecessary exposures.” 

ce. The uses of radiotherapy in non-malignant conditions should be critically 
examined—again, a warning to tighten up on unnecessary exposures. 

d. The small amouts of irradiation from miscellaneous sources, such as x-ray 
‘machines used for shoe fitting, luminous watches and clocks, ‘and television 
apparatus should be reduced as far as possible. 

6. They end with a plea’for better vital statistics. No comparable recom- 
“mendation appears in the National Academy of Sciences report. 


(Enclosure 3) 
COMMENTS ON “RACE POISONING BY: RADIATION” 
By H. J. Muller 


Professor Muller’s remarks in regard to mutation changes resulting from 

nuclear warfare are in conformity with generally held views of geneticists. It 
is noted that Dr. Muller is a member of the National Academy of Sciences Study 
Committee on Genetics and the report issued by the Committee was unanimous. 
- With regard to the peacetime use of nuclear energy, Professor Muller pre- 
sented estimates of life shortening based on two assumptions, i. e., that an 
atomie energy worker would receive the maximum permissible exposure every 
“week for a 40 year working period and that the life shortening would be pro- 
portional to the total radiation dosage received. As indicated in Professor 
-Muller’s article and by figures released by the Atomic Energy Commission, the 
exposures to atomic energy workers have been considerably less than the maxi- 
mum permissible amounts (“relatively few Yee receive more than a fifth 
of this amount’). 
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The possible effect of life shortening was considered by the Committee on 
Pathologie Effects of the National Academy of Sciences study on the biological 
effects of radiation. The Committee made the following statements: 

“The shortening of life correlates roughly with dose of radiation, but has not 
yet been demonstrated at low doses.” 

“As the permissible dose level which they (Genetics Committee of the N. A. S.) 
have hypothesized as desirable for large populations were to be applied there 
would be no demonstrable somatic effect, although a theoretical minor shortening 
of life span could not be ruled out.” 

We are in complete agreement with Professor Muller’s remarks that atomic 
energy “operations must be carried on with such rigorous safeguards that those 
working on the projects will feel no fear for themselves or their descendants.” 

In this connection, the AEC may consider placing an upper limit of yearly 
exposure for atomie energy workers. The average exposure to atomic energy 
workers during past operations, however, has been so far below the maximum 
permissible level that the placing of a yearly upper limit would not be expected 
to impose any major restrictions. 





UNITED STATES SENATE, 
COMMITTEE ON ARMED SERVICES, 
January 31, 1957. 
Hon. Lewts L. STRAUSS, 
Chairman, United States Atomic Energy Commission, 
19th and Constitution Avenue, Washington 25, D.C. 


DreAR ADMIRAL StRAvuSsS: Attached for your information is copy of letter just 
received which, aS you will see, is signed by five professors of Yale University. 
The points brought out in this letter are to me extremely important, and coming 
from the source they do, I feel deserve most careful attention by the officials of 
our Government, particularly those working with and deciding the policy en 
development of nuclear weapons. 

With kind regards, I am 

Sincerely yours, 
Prescott BusH, 
United States Senate. 
Enclosure. 
; JANUARY 21, 1957. 
The Honorable Senator Prescott BusH, 
United States Senate, 
Washington, D.C. 


DeAR SENATOR BusH: At your request we are sending you an outline of the 
conversation you had with the members of the Yale Department of Biophysics in 
Woodbridge Hall on December 18th, 1956 on the subject of radiation hazards. 
The discussion covered the following points which we wished to emphasize to you. 

1. The effects produced by nuclear weapons are world-wide. The. radiation 
from our tests will not only be felt elsewhere, but similar weapons tested in Rus- 
sia, England, or Australia will produce effects in our country as well as their own. 
The radiation effects are world-wide because most of the radioactivity is carried 
up into the stratosphere where it remains for such a long time (around ten 
years) that it becomes distributed over the whole world before the radioactive 
particles fall to earth or decay. 

2. The effects produced by radiation are not reversible... If we were to find, 
ten years from now, that the people of this country had received too much radia- 
tion, we would be at an impasse because the residual effects would already have 
been produced. If we were to find that the population of this country, or of any 
country, or of the world for that matter, had received too much radiation, it 
would be too late to do anything about it. It seems clear that the present rate 
of world-wide weapons testing is bound to increase and therefore any margin of 
safety based upon our present rate of testing is sure to be wrong. 

3. The effects of radiation are not completely understood. At the present time 
one of the big areas of disagreement. among scientists is on the amount of 
strontium 90 (one of the radioactive elements produced only in the nuclear 
Weapons tests) which should be permitted to accumulate in the world. Every- 
one’s calculations of the amount of strontium 90 now at large are based on the 
AEC’s data as presented by Commissioner Libby. ‘The disagreement is on how 
much strontium 90 the human body is able to tolerate. In the twenty years 
Since levels were set up for the maximum amount of radiation to which people 
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should be exposed, tolerance levels have been revised downward periodically 
and drastically. For example, the following table indicates the steady downward 
trend : . 


Estimated permissible level for occupational risk (in milliroentgens per week) 


Year: 
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We feel that there is a good chance that the tolerance levels will be still further 
revised downward in the future, as it has been in the past. If this were to 
happen, we certainly shall find ourselves in the tragic situation of having already 
exposed our population to radiation levels higher than those considered safe. 

4, Because radiation effects seems to be cumulative, we may end up by exposing 
the population of this country to so much radiation from medical x-rays and 
nuclear weapons testing that we have no safety margin for radiation produced 
by nuclear power plants. At the present moment, the people of this country 
receive more radiation through medical x-rays (which of course are usually 
justified medically) than most of the other countries of the world. We, therefore, 
would be the first to suffer from the effects of nuclear weapons testing. 

5. Because of the points mentioned above, we feel that the decision as to the 
extent of nuclear weapon testing should be made by a larger group of people 
than is at present making this decision. Obviously involved in the whole matter 
of weapons testing is the relative importance of the radiation danger about which 
we have spoken versus the useful information to be gathered for defense purposes. 
We do not advocate prohibition of nuclear weapons testing, but we do wish to 
see discussed the important point of the possible danger from such tests because 
we feel that the danger is real and that the people should not be misled about 
what is involved. 

Yours sincerely, 
(Signed:) Ernest C. Portiarp, 
Chairman, Biophysics Department. 
RicHArRD B. SETLOW, 
Associate Professor Biophysics. 
FRANKLIN HUTCHINSON, 
Assistant Professor Biophysics. 
' WALTER R. GUILD, 
Assistant Professor Biophysics. 
Harotp J. MOROw!ITz, 
Assistant Professor Biophysics. 


Apr 6, 1957. 
Hon. Prescott BusH, 
United States Senate 

DEAR SENATOR BusH: I am writing in response to your letter of January 31, 
1957 forwarding a copy of a letter of January 21, 1957, signed by five members 
of the Yale University. Department of Biophysics: Ernest C. Pollard, Richard B. 
Setlow, Franklin Hutchinson, Walter R. Guild and Harold J. Morowicz. I appre- 
ciate your patience in permitting the staff to take the necesary time to study 
the issues presented by the authors which as you know involve broad national 
defense policy and highly technical genetical and biophysical considerations, 
As was pointed out in the interim acknowledgment of the General Manager 
of March 13, 1957 and in earlier telephone discussions with your staff, the 
questions raised required the participation of several AEC divisions in the 
preparation of the final reply. 

The letter of Professor Pollard and his colleagues, as is to be expected from 
their scientific standing and their familiarity with certain aspects of the problem, 
displays a high degree of appreciation of some of the factors involved in the 
limitation of human exposure to radiation from nuclear weapons test programs 
and from other sources. These and other factors upon which decisions regarding 
our various programs must be based are not only under constant study by mem- 
bers of our staff and by our consultants, but those factors involving biological 
effects of radiation and the exposure of persons to radioactive fallout from 
weapons tests are the subject of a substantial portion of our research programs 
jn the fields of biology and medicine. 
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Our staff is in general agreement with the basic scientific statements made 
in the letter described by the authors as an outline of their conversaion with 
you on December 18, 1956. Because of the complexity of the subject, a brief 
summary of the considerations involved cannot be very definitive. I regret that 
we do not have available for comment a more complete statement of the authors’ 
views. 

I have asked our Division of Biology and Medicine to make an analysis of the 
various points briefly expressed in the letter in the light of our current thinking 
on problems of radiation protection. I believe you will be interested in their 
report, copies of which I enclose. 

My own comments on specific statements contained in the letter are limited 
te a consideration of paragraph 5, which appears to summarize the conclusions 
of the authors, and which reads, 

“Because of the points mentioned above, we feel that the decision as to the 
extent of nuclear weapon testing should be made by a larger group of people 
than is at present making this decision. Obviously involved in the whole matter 
of weapons testing is the relative importance of the radiation danger about which 
we have spoken versus the useful information to be gathered for defense purposes. 
We do not advocate prohibition of nuclear weapons testing, but we do wish to 
see discussed the important point of the possible danger from such tests because 
we feel that the danger is real and that the people should not be misled about 
what is involved.” 

I have underlined one sentence of paragraph 5 to emphasize that a basic 
consideration in decisons involving weapons testing is the relationship of. the 
test programs to our national welfare. While the Atomic Energy Commission has 
certain responsibilities for the development and production of nuclear weapons 
appropriate to the estimated military. needs of the nation, there are involved here, 
as you are of course aware, questions of national policy which extend far beyond 
the specific responsibilities of the Commission, 

In the quoted paragraph above, the authors refer to “useful information to be 
gathered for defense purposes.” Knowledge gained from past weapons ‘tests 
have made it possible for us to increase reliability and safety, to improve the 
yield of explosive devices while reducing the amounts of material used, and to 
provide us weapons capable of being used tactically. One of the principal objec- 
tives of recent tests has been to develop weapons which may be used in defense 
against attacks and to reduce the radioactive fallout from weapons. As has been . 
announced, the most recent weapons test series in the Pacific was planned and 
carried out with yields of explosive forces much less than those of the 1954 series. 

In reaching decisions to recommend test programs for the approval of the 
President, the Atomic Energy Commission and the Department of Defense at- 
tempt to take advantage of all available information. The number of persons 
who can participate in the total of all of the considerations involved is necessarily 
limited. On those facets of the problem which do permit wider participation, we 
have sought and received counsel from many sources. In addition to persons 
with whom we have formal relationships of one kind or another, there is con- 
stant give and take with a great number of scientists and other professional 
persons here and abroad. 

The total of our contacts represents, we believe, a good cross section of in- 
formed opinion throughout the world. 

We share the author’s view that possible dangers from weapons tests should 
be discussec and that the people should not be misled about what is involved in 
exposure to radiation from weapons tests or from peaceful uses of nuclear 
energy. The potential hazards should neither be minimized nor exaggerated. 
We believe that the extensive data which have been collected, particularly in 
programs sponsored b, the United States and by the United Kingdom, demon- 
strate that the degree of potential hazard to the public is very low.. 

Much of the pertinent information is summarized in reports published last 
year on studies made concurrently but independently by the National Academy 
of Sciences and by the British Medical Research Council. Copies of these reports 
are enclosed for your convenient reference. 

I hope that you will find the information which we are submitting helpful. 
If I can be of further aid to you, by arranging for discussions with appropriate 
Commission personnel or by other means, please call on me. 

Sincerely yours, 
W. F. Lissy, Acting Chairman. 

Enclosures: 57} 

Comments by Division of Biology and Medicine. 


i es ie National Academy of Sciences and British Medical Research 
ouncl 
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REPORT ON QUESTIONS RAISED BY YALE DEPARTMENT OF BIOPHYSICS IN LETTER 
TO SENATOR PRESCOTT BUSH DECEMBER 18, 1956 


Prepared by Division of Biology and Medicine 
U. 8S. Atomic Energy Commission March 27, 1957 


The following report discusses a letter from members of the Department 
of Biophysics, Yale University, to Senator Prescott Bush, January 21, 1957. 
The letter is signed by Ernest C. Pollard, Richard B. Setlow, Franklin Hutchin- 
son, Walter R. Guild, and Harold J. Morowitz. The letter was transmitted 
by Senator Bush January 31, 1957, with the following note: 

“Attached for your information is copy of letter just received which, as you 
will see, is signed by five professors of Yale University. The points brought 
out in this letter are to me extremely important, and coming from the source 
they do, I feel deserve most careful attention by the officials of our Govern- 
ment, particularly those working with and deciding the policy on development 
of nuclear weapons. ds 

The letter is described by the authors as an outline of a conversation on the 
subject of radiation hazards between Senator Bush and members of the Yale 
Department of Biophysics, December 18, 1956. The letter includes five num- 
bered paragraphs, each of which discusses a point introduced by the initial 
sentence. For convenience in the following discussion, reference to each of 
these paragraphs is by number, with the point stated first, followed by our 
comment. 

Because our comments may appear to be rather critical, we wish to state 
in advance that the letter is unusually well written considering the brevity 
with which the authors attempted to express their ideas. Thoughtful treat- 
ment of the subject is, of course, to be expected from a group of such com- 
petence and professional standing. The comments are as follows: 

Paragraph 1. The paragraph is limited to factual statements on which there 
is general agreement. 

Paragraph 2. “The effects of radiation are not reversible.” 'The authors ap- 
parently have in mind some very specific effects of radiation, such as genetic 
effects, which are generally considered to be not reversible. We do not be- 
lieve that, in general, the statement can be supported. For example, the tran- 
sient effects characteristic of radiation sickness are appropriately described 
as reversible. Whether or not those effects of exposure of an individual to 
radiation which may, but not necessarily do, result in leukemia or cancer are 
to be considered as reversible or not reversible may be a question of seman- 
tics. For example, if a number of persons receive equal doses of radiation 
and one contracts leukemia as a result, it would appear that in the case of 
the one person some of the effects of the radiation were not entirely reversible. 
It is not apparent, however, that this is necessarily true in the cases of those 
who failed to contract the disease. 

“Tf we were to find, ten years from now, that the people of this country 
* * * or of any country, or of the world * * * had received too much radia- 
tion, it would be too late to do anything about it.” This is true, of course, 
whether the consequences implied by “too much radiation” are extremely seri- 
ous or of relatively minor import from the point of view of their total impact 
on the population as a whole. The nature of the biological effects of radia- 
tion is such that it is impossible to categorically divide levels of exposure 
to radiation into safe and unsafe values, if one uses the term safe in the sense 
of absolute freedom from risk... This is because the severity of biological 
effects, or the probability of a serious effect, increases from very low values 
for low exposures to radiation to high values for high exposures to radiation. 

For example, it is generally considered that any exposure to radiation, no 
matter how small, makes a correspondingly small contribution to the prob- 
‘ability of genetic mutation. On page 22 of the National Academy of Science 
Summary Reports it is stated that “U. S, residents have, on the average, been 
receiving from fall-out over the past five years a dose which, if weapons test- 
ing were continued at the same rate, is estimated to produce a total 30 year 
dose of about one tenth of a roentgen * * *’ By comparison, it is stated, 
p. 21, that each person in the United States receives from natural background 


1 While the word safe is defined as freedom from risk, it is commonly used to describe 
route: in which the risk is not ZrO but is too low to be of concern or, possibly, to be 
recognize 
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radiation “a total accumulated dose of about 4.3 roentgens over a 30 year 
period” and, from medical x-rays, “on the average a total accumulated dose 
to the gonads which is about 3 roentgens of x-radiation during a 30 year 
period.” The dose rate required to double the natural rate of genetic muta- 
tion, if continued over a period of many generations, is eStimated, p. 24, to lie 
in the range of 30 roentgens to 80 roentgens. On the basis of these estimates, 
if weapons tests were continued at the present rate, the effect of radioactive 
fallout from the tests on the genetic mutation rate would be to increase it. by 
less than 1% of its natural value. A very small fraction of the population 
would be affected and a much smaller fraction would be seriously affected. 
The risk to the average individual, and the impact on the population as a 
whole, would be extremely small. Yet, since some individuals might be seri- 
ously affected, we must assume that even at these low levels of exposure people 
are receiving “too much radiation” unless we are convinced that the probable 
benefit to each person outweighs the risk. 

Some perspective on relative values may be obtained by observing, on the 
basis of estimates quoted above, that exposures to radiation from natural 
sources (radioactive materials naturally in the earth’s crust and cosmic rays 
from outer space) are more than ten times as high as those estimated to result 
from weapons testing if continued at the present rate. These are levels of 
radiation in which the human race has developed and prospered. Whatever 
risk there may be to the individual member of the race as a result of these 
relatively low additional exposures, it is quite low compared to many common 
hazards of life. 

It appears that the authors are conscious of the smallness of the risk involved 
at the levels of exposure under discussion, since in paragraph 4 of their letter 
they restate their fear in the words, ““* * * we may end up by exposing the 
population of this country to so much radiation from medical x-rays and nuclear 
weapons testing that we have no safety margin for radiation produced by 
nuclear power plants.” That they also recognize the element of balance of risk 
against probable benefit is reflected in the statement in paragraph 5 of their 
letter, to wit: “Obviously involved in the whole matter of weapons testing is 
the relative importance of the radiation danger about which we have spoken 
versus the useful information to be gathered for defense purposes.” 

Summarizing our discussion of paragraph 2, it appears that whether or not 
ten years from now the population will have received too much radiation as a 
result of weapons tests will depend not only on the number of persons who may 
have suffered as a consequence of our weapons tests but also upon the number 
who may have been enabled to avoid suffering as a result of the contributions 
of the tests to our defense efforts. 

Paragraph 8. “The effects of radiation are not completely understood.” It 
would, perhaps, be more appropriate to say that the processes of life are not 
completely understood. We probably know more about the biological effects of 
radiation than those of any other element in our environment; certainly more 
than we know about the effects of many drugs and organic chemicals developed 
during the past few years, and perhaps more than about such factors as psycho- 
logical stress, diet, exercise, etc. 

“At the present time one of the big areas of disagreement among scientists 
is on the amount of strontium 90 * * * which should be permitted to accumulate 
in the world. Everyone’s calculations of the amount of strontium 90 now at 
large are based on the AEC’s data as presented by Commissioner Libby. ‘The 
disagreement is on how much strontium 90 the human body is able to tolerate.” 
The AEC has been supporting a broad program of investigation of strontium 90 
in the atmosphere, soils, plants, animals and humans for more than three years. 
Most of the investigators are employees of other government agencies, universi- 
ties, hospitals, ete. A similar program has been under way in the United King- 
dom for about the same length of time, and other countries are undertaking 
studies of this kind. The best data available on the human content of stron- 
tium 90 is that in the report, “Strontium 90 in Man” by J. L. Kulp, W. R. Eckel- 
mann, and A. R. Schulert of Columbia University, published in Science, February 
8, 1957. The skeletal concentrations observed by Kulp, et al, are generally less 
than 0.01 of those considered acceptable in general population groups by such 
scientific groups as the International Commission on Radiological Protection, 
the National Academy of Sciences, and the Medical Research Council of. the 
United Kingdom. ae gese 

We believe that the principal area of disagreement between scientists well: 
informed in this field is not on how much strontium 90 the body can tolerate, 
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in the usual sense of the word, but whether or not there may be a very small 
probability that a low concentration of strontium 90 in the skeleton of an indi- 
vidual will result in bone cancer. There is no experience of production of bone 
cancers in humans by strontium 90. Experience in humans is limited to the 
effects of radium as, for example, in the case of the luminizing industry. Esti- 
mates of the effects of strontium 90 to. be expected in humans are based on 
comparative studies of strontium 90 and radium in animals and comparative 
studies of radium in animals and humans. Because bone cancers occur normally 
in animals (and in humans), and because cancers induced by radioactive mate- 
riels cannot be distinguished from those which occur from other causes, the 
relationship between concentrations of strontium 90 in the skeleton and the 
resultant probability of bone cancer can be determined only by conparing rates 
of occurrence in animals containing strontium 90 with rates of occurrence in 
normal animals. The increase in rate of occurrence that can be measured with 
confidence depends upon the numbers of animales under observation. 

From studies made over the past ten years, it is estimated that from 1,000 to 
10,000 times the concentrations of strontium 90 currently found in the skeletons 
of young. humans would be required to produce a detectable increase in the 
normal rate of bone cancer. Some of our best informed radiobiologists are con- 
fident that somewhere below these concentrations the probability of a resulting 
increase in the rate of bone cancer would be zero, while others believe it possible 
that even at the very lowest concentrations there may exist correspondingly 
low probabilities of a bone cancer resulting from strontium 90. In the latter 
case, the situation is similar to the genetic case discussed in connection with 
paragraph 2. The question then becomes not how much can the human body 
tolerate but what is the risk at low levels of exposure in relation to the probable 
benefits associated with the exposure. 

While informed radiobiologists disagree on the subject of whether or not 
relatively low concentrations of strontium 90 in the skeleton might conceivably 
result in small increases in the rate of occurrence of bone cancer, they generally 
agree that is such increases in rate do occur, they will not be large enough to 
be detectable, even at concentrations much higher than those currently observed. 
The degree to which speculation on the possibility of an increase in the rate of 
bone cancer too small to observe has become a matter of public concern is in 
striking contrast to the apathy with which the public accepts the fact that the 
rate of lung cancer has increased over the past 20 or 30 years by a factor of 
about ten. 

“In the twenty years since levels were set for the maximum amount of radia- 
tion to which people should be exposed, tolerance levels have been revised 
downward periodically and drastically.... We feel that there is a. good 
chance that the tolerance level will be still further revised downward in the 
future, as it.has been in the past. If this were to happen, we certainly shall 
find ourselves in the tragic situation of having already exposed our population 
to radiation levels higher than those considered safe.”- In our discussion of 
paragraph 2, we have indicated that we do not consider that any level of radia- 
tion, no matter how low, can be considered absolutely “safe”. If the exposure 
of the whole population to radiation at a certain level were to result in the 
premature death of one person, the result would be a tragedy. If it resulted in 
the death of several persons, it would be a greater tragedy. But, if one is 
realistic, one must admit that risk to human life is involved not only in other 
phases of our defense effort but, indirectly, in many decisions involving our 
foreign policy. In the case of radioactive fallout, the significant risk is not 
from weapons tests; but from the possibility of a nuclear war in which levels 
of radiation exposure may be higher by factors ranging upward to tens of 
thousands or hundreds of thousands. Obviously, this would be a much greater 
tragedy. 

Paragraph 4. “Because radiation effects seem to be cumulative, we may end 
up by exposing the population of this country to so much radiation from medical 
X-rays and nuclear weapons testing that we have no safety margin for radiation 
produced by nuclear power plants.’ Estimates quoted in discussion of paragraph 
2 indicated that at present rates of weapons testing, anticipated exposures to 
radiation from fallout are about one-thirtieth of current average rates from 
medical x-rays. At these relative magnitudes, a four percent increase in the 
use of medical x-rays would wipe out any gains resulting from the elimination of 
fallout from weapons testing. However, the relative merit of exposing persons 
to radiation from medical x-rays, nuclear power reactors, and fallout from 
weapons tests must depend upon the contribution that each may make to per- 
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sonal and national welfare. The primary consideration with respect to radiation 
from fallout is, how important to our national welfare is our nuclear weapons 
rogram? 

y Pordghaph 5. “Because of the points mentioned above, we feel that the decision 
as to the extent of nuclear weapons testing should be made by’a larger. group of 
people than is at present making this decision.” Decisions as to the extent to 
which weapons tests shall be conducted involve highly sensitive information 
including weapons design and capabilities, military strategy, and national poli- 
cies. This limits participation in these decisions to-persons officially icp teaia tea 
for our national security. } 

In evaluation of the radiological hazards associated with weapons tests for 
use in national planning, the Atomic Hnergy Commission not only seeks existing 
information from all available sources but supports extensive research on the 
production, dissemination, biological uptake, and effects of radioactive materials 
released by nuclear detonations. The number of persons with whom the Com- 
mission has contact on various phases of the question is very large. i 

“Obviously involved. in the whole matter of- weapons testing ‘is the relative 
importance of the radiation danger about which we have spoken versus the use- 
ful information to be gathered for defense purposes. ”.” We believe this to be the 
primary consideration. | 

‘ “We do not advocate prohibition of nuclear weapons testing, but we a6 wish 
to see discussed the important point of the possible danger from such ‘tests 
because we feel that the danger is real and that the’ people should not be misled 
about what is involved.” The discussions contained in reports issued last year 
by the National Academy of Sciences and the British Medical Research Council 
not only explain the possible dangers from weapons tests quite: thoroughly, but 
present differences in the views of various radiobiologists.: These reports were 
written by study panels composed of leading scientists in the respective coun- 
tries, and it is our‘ belief that they present a‘ good cross section’ of Scientific 
opinion on these subjects.’ Copies of the following reports are provided herewith 
for transmission to Senator ‘Bush: 

(1) National Academy of pci les “The Biological Effects of Atomic 
Radiations, A Report to the Public.” It is recommended that this brief, 
non-technical survey of the subject be read before referring to the other 
reports. 

(2) British Medical Research eouienr “The Hazards to Man of Nuclear 
and Allied Radiations.” This report has been made more readable than 
many scientific reports without sacrifice of technical’ accuracy. It is sug- 
gested that Chapter VII, pages 70 ff., summarizing the discussion, be read 
first. The summary statements refer to paragraphs of the text by number, 
facilitating the selection of portions of principal interest. 

(3) National Academy of Sciences, “The Biological Bifects of Atomic 
Radiation, Summary Reports.” -This’is a summary of individual reports 
by six committees. While it covers much of‘the' same ground as the report 
of the British Medical Research Council, views expressed in the two reports 
involve some basic differences. For example, the American report considers 
it most probable that below certain levels of exposure to radiation, the con- 
tribution of -the exposure to the probability that an individual will develop 
cancer or leukemia is absolutely zero; while the British report considers it 
likely that even at the lowest levels of exposure there are correspondingly 
small but real contributions to the prouabaity that the individual will develop 
one of these diseases. 

(4) National Academy of Sciences, “Pathological Effects of Latomie Radia- 
tion.” Appendix II of this report summarizes the considerations related to 
ae iecamaat of persons and populations by radioactive materials within 

e bo 

It is desirable that the general public be as well informed as is praciteat on 
all phases of radiation hazards. We know of noe information on this subject 
which is withheld from the public, but because of the complexity of the subject, - 
it is difficult to transmit it comprehensively in a form or forms generally usable 
by individual laymen. Introduction of even the primary facts into the day-to- 
day thinking of a substantial proportion of the general public is a problem in 
education of. which the solution may require es years, — 


SUMMARY 


At the present time, it dating be stated an ead perme that there ts a level of. 
radiation which is absolutely safe. Mainly because of genetic considerations, 
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there exists the possibility that some biological effect—perhaps difficult to detect— 
will be produced at very low doses. The degree of risk, however, would be 
correspondingly low. 

- The probability is remote that any individual would be seriously affected by 
low level radiation contributed by fallout from weapons tests. Unless, how- 
ever, the risk is absolutely zero, a low individual probability when extrapolated 
to a large population will result in the statistical possibility that some members 
of the population may be affected. Because the risks here are very much smaller 
than the normal hazards of life, it is impossible to estimate the maximum number 
of persons who might be affected. 

The dose of radiation outside the body resulting from fallout contributes 
about 1/30 of the dose to the population from either natural sources or from 
medical X-rays. Current concentrations of strontium 90 in the skeleton as a 
result of fallout are substantially below (about 0.01) levels considered acceptable 
by recognized independent scientific bodies. 

The important question then is whether or not the discontinuation of weapons 
tests by the United States for the sole purpose of reducing the presently small 
risk from fallout would not be more than offset by the loss of data, vital to 
the national security, which weapons tests yield. In the absence of an inter- 
national disarmament agreement, freezing our weapons technology at the present 
level may constitute a far greater risk. In such an event it becomes necessary 
to speak of radiation risk in terms of lethal doses to large segments of the 
population in the event of nuclear attack, in contrast to the present discussion 
which is in terms of fractions of permissible levels and statistical possibilities. 


WASHINGTON, D. C., April 25, 1957. 
Dr, ALBERT SCHWEITZER, 
Lambarene Hospital, Lambarene, Gabon, French Equatorial Africa. 


DEAR Dr. SCHWEITZER: I am writing you as a scientist, to present data bearing 
on a scientific fact: The degree of hazard to humanity from radioactive fallout 
from nuclear weapons tests. 

In the press on April 24, I read your statement from Oslo on the hazards 
of nuciear weapons testing, and in this way learned of your fears that the 
present testing program may be dangerous. Since I have spent much time during 
the past several years in the study of this question, I am taking the liberty of 
writing you, Also, since yeur statement was issued to news media and received 
wide public attention, I am making this letter public in the belief that every 
possible action should be taken to increase public understanding on the impor- 
tant question of weapons testing. 

Your belief in the sanctity of life, and the dedication with which you have 
devoted your own life and talents to unselfish causes, have made a deep im- 
pression on the minds of persons throughout the world. Your concern over the 
possible effects of nuclear tests is characteristic of the humane and Sensitive 
qualities which you always have displayed, and for which you are justly honored. 
Along with these qualities, I know you have the intellectual strength and integrity 
to seek the truth wherever it lies. It is in this spirit that I write you, believing 
that you will welcome whatever facts I may be able to provide regarding radio- 
active fallout from weapons testing. 

I do not know what data you have utilized in studying this question, but I 
seriously doubt, from the evidence of your statement, that you have had access 
te the most recent information. Immediately after reading your statement, I 
sent you a copy of a speech which I gave recently regarding what we know 
from scientific studies on fallout radiation and its effects. I am enclosing with 
this letter a copy of a paper which I am presenting on April 26 before the 
American Physical Society. I hope these documents will be of use to you. They 
demonstrate that an intensive effort has been made to calculate on theoretical 
grounds, and to determine from sample collections, the actual levels of radio- 
activity in the soil, in water, in food products, and in human bodies as a 
result of weapons tests. 

If you have gained the impression that United States official statements do not 
take into account the possible hazard from internal radiation—and I fear from 
your statement that you have—I hasten to assure you that this is not the case. 
Government statements have deait extensively with this matter. It has like- 
wise been considered at length in a report prepared by scores of eminent scien- 
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tists for the National Acedemy of Sciences, and in England by the British 
Medical Research Council, both reports appearing in June of last year. 

Particularly since the summer of 1953, the Atomic Hnergy Commission has 
conducted an intensive study of worldwide fallout which has revealed most of | 
the information now available on this subject. These studies have included 
analysis of soil, plants, foods and other materials from many parts of the world. 
The United States Government has furnished this information without reserve 
to the United Nations Scientific Committee on Atomic Radiation, which was 
established at the recommendation of the United States and which has studied 
data provided by other countries. 

Although there are some differences in the findings of scientists in this country 
and abroad, there is general agreement upon the approximate magnitude of the 
fallout and the rate at which it is descending from the stratosphere. Perhaps 
there is less agreement about the magnitude of the physiological effects which 
can be expected to result from fallout radiation. Nevertheless, it is very 
generally agreed, among those who have studied the question, that the radiation 
exposures from fallout are very much smaller than those which would be required 
to produce observable effects in the population. The U. 8. Government agencies 
have been continuously concerned with maintaining this condition of very 
small test radiation hazard and have never neglected study and action to 
reduce it, 

I do not mean to say that there is no risk at all. What I should like to 
demonstrate to you is that the risk is extremely small compared with other 
risks which persons everywhere take as a normal part of their lives. At the 
same time, I ask you to weigh this risk against what I believe would be the far 
greater risk—to freedom-loving people everywhere in the world—of not main- 
taining our defenses against the totalitarian forces at large in the world until 
such time as safeguarded disarmament may be achieved. Of course, a workable, 
safeguarded system of international disarmament is a paramount objective 
of the United States Government, and one which we must work for and hope 
and pray will be achieved. 

To go into more detail on the question of risk from worldwide radioactive 
fallout, there are two possible hazards. The first is the genetic hazard due to 
radiation of the reproductive organs by penetrating gamma radiation, and the 
second is the hazard due to the irradiation of the bones by assimilated stron- 
tium-90, taken up largely through food. These two possible hazards should not 
be confused; there is no reason to fear genetic hazard from strontium—90, since 
it accumulates in the bones and does not appreciably irradiate the reproductive 
organs. 

In order to understand the degree of these hazards, it is necessary to compare 
the amount of radiation dosage received from fallout with the amount of radia- 
tion dosage normally received by all living things because of the natural radio- 
activity in the environment. In this way, it is possible to put the hazards from 
weapons testing into the context of normal human experience. 

When this kind of comparison is made, it becomes apparent that we all carry 
in our bodes, and have in our surroundings, amounts of radioactivity very much 
larger than those derived from radioactive fallout. 

Cosmic rays, which come from outer space, have their radiation effect pro- 
gressively diluted as they pass through the atmosphere. Thus, a person living 
at an altitude of about one mile above sea level receives a dosage of cosmic 
rays approaching double that of a person who lives at sea level. ‘There are 
other variations in the natural “background” dosages. For example, people 
living in certain localities of uranium or thorium mineralization will receive 
much more radiation than the average, and their ancestors have received these 
much higher doses over centuries in many parts of the world. Living in a brick 
house, rather than in a wooden house, will, with certain kinds of bricks in certain 
pe ie the world, increase radiation exposure many times over that from test 

allout. 

The additional radiation dosages which persons receive from fallout are small 
compared to these natural dosages and even the variations in the natural 
dosages. To be specific, the dosage to new bone as in children which results 
from strontium-90 at present is about the same as the additional dosage which 
a resident at sea level would receive from cosmic rays if he moved from a beach 
to the top of a hill a few hundred feet high. 

There is no question that excessive dosages of radioactive strontium can 
cause bone cancer and leukemia in animals, so we should not casually dismiss 
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the possibilitiy of harmful results from test fallout. However, keeping in 
mind that populations are exposed to natural radiations considerably greater 
than the fallout dosages, we can attempt to determine whether these have caused 
any detectable effects. We can examine, for example, whether there is any 
obvious increase in the rate of occurrence of bone cancer and leukemia in 
populations living at higher altitudes or in régions of uranium mineraliza- 
tion, ete. 

Examination of available records does not disclose any such effects. How- 
ever, vital statistics have not always been carefully kept, and further studies 
are being carried on under the aegis of the United Nations Committee to deter- 
mine whether any such effects can be detected. One fact is apparent, however— 
it certainly is not our normal experience that people can appreciably increase 
the occurrence of these dread diseases by moving to a higher altitude or by 
moving from a sedimentary soil, where the uranium content is low, to an igneous 
or granitic surface, where the uranium content is very much higher, or by moving 
from a wooden to a brick or concrete house. 

' Another way of evaluating the possible risk from strontium-90 in fallout is 
through comparison with the permissible concentration of strontium-90 recom- 
mended by authoritative groups. The permissible amount of strontium-90 
for atomic energy workers in the United States is about 2,000 times the present 
strontium-90 content of new bone in the United States resulting from fallout. 
(Strontium-90 concentrations in the rest of the world are generally lower than 
those in the United States.) Authoritative groups have recommended that, 
on grounds of general prudence, the permissible limit for whole populations be 
one-tenth of that for atomic energy workers. On this basis, the present level 
for new bone, that is, in children, in the United States is somewhat less than one 
percent of the maximum permissible concentration for the population. 

Perhaps a word of explanation should be given regarding these maximum per- 
missible concentrations. As you know, scientists do not speak of, “risks” or 
“hazards” in the sense that the words ordinarily are used. They try to measure 
possibilities almost to the limits of the finite; therefore, “risk” includes the 
possibility of effects far beyond the range of the probable or detectable. The 
maximum permissible concentrations are not safety limits, rather, they indicate 
that at considerably larger concentrations, perhaps tenfold greater, there would 
be definitely detectable effects. 

So far, I have been discussing principally the possible risks from radioactive 
strontium. Radioactive fallout includes other materials which do not accumu- 
late inside the body, but do not emit penetrating radiation which can irriadiate 
the sex organs and other parts of the whole body from the outside. Such 
radiations can produce genetic mutations. 

Again, in evaluating the possibility of genetic effects from fallout, we should 
try to compare it with normal experience. The external dosages from fallout, 
that is, those which might cause genetic effects, have averaged between one and 
five thousandths of one roentgen per year in the United States during the last 
three or four years. This figure should be compared with a normal dosage 
of 150 thousandths of one roentgen per year from cosmic rays and natural radio- 
active materials in the environment. In other words, the external fallout radia- 
tion has been from 0.7 percent to about three percent of the natural radiation 
exposure. 

As another example, in certain countries of the world a brick house might easily 
have enough natural radioactive material in the walls to give up to 40 thou- 
sandths of a roentgen more exposure per year than a wooden house and a con- 
crete block house gives about 100 thousandths of a roentgen more annually. 
These dosages range between 8 and 100 times the dosage due to test fallout. 

Obviously, the genetic effect of fallout radiation must be very small compared 
with the genetic effect of natural radiation. 

As you pointed out in your statement, radioactivity from tests which already 
have been held is present in the stratosphere, from which it will descend for years 
to come. The radioactivity of this material constantly is decreasing through 
normal radioactive decay. The tiny radioactive particles fall so slowly from the 
stratosphere that the continuing fallout in the United States just about com- 
pensates for the radioactive decay of the radiostrontium already deposited. 
Therefore, the present level of radiostrontium in the soil is about as much as we 
shall ever have from tests already fired. ben 

Continued testing would not increase radioactivity on a straight additive basis, 
since an equilibrium would be established between the added radioactivity and 
radioactive decay. If tests were to continue until 1983 at the rate of the past five 
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years, levels in the United States would be expected to reach about four times 
their present values. Levels about six times the present ones would be reached 
by the year 2011 if testing were to continue for that long a time. 

I hope that I have provided enough information to demonstrate that the risk 
from nuclear testing at the present rate is small. Of course, a great amount 
of more detailed information is available, and I shall be glad to supply it to 
you if you wish. No scientist contends that there is no risk. We accept risk 
as payment for our pleasures, our comforts, and our material progress. Here 
the choice seems much clearer—the terrible risk of abandoning the defense 
effort which is so essential under present conditions to the survival of the 
Free World against the small controlled risk from weapons testing. 

Sincerely yours, 
/Ss/ W. F. Lipsy. 


PERE LORENTZ ASSOCIATES, 
New York City, N..Y., April 1, 1957. 
The Honorable CLinton P. ANDERSON, 
United States Senate, 
Washington, D. C. 

My Dear SENATOR ANDERSON: AS you know, almost a year ago the National 
Academy of Sciences issued Summary Reports on the Biological Effects of Atomic 
Radiation, in collaboration with the National Research Council and financed by 
a grant of one million dollars from the Rockefeller Foundation. The reports 
were signed by one hundred and ten doctors and scientists, grouped into six 
committees. I am at present engaged in writing a book about atomic energy, 
for which I am under contract, and I am writing to you to inquire as to whether 
your committee has knowledge of any action or any research that may have 
been in gccordance with the recommendations made by the six committees. 
That is, has the Congress appropriated funds for the use of any government 
agency in instituting studies as have been recommended, or has the Congress 
directed the AEC to institute studies in accordance with the major recommen- 
dations of the National Academy Comunittees. 

1. The Committee on Genetics recommended, among other things, “that, in 
view of the fact that total accumulated dose is the genetically important figure, 
steps be taken to institute a national system of radiation exposure record-keeping, 
under which there would be maintained for every individual a complete history 
of his total record of exposure to X-rays, and to all other gamma radiation. 
This will impose minor burdens on all individuals of our society, but it will, 
as a compensation, be a real protection to them.” 

“That every effort be made to assign to tasks involving higher radiation expos- 
ures individuals who, for age or other reasons, are unlikely thereafter to have 
additional offspring. Again it is recognized that such a procedure will introduce 
complications and difficulties, but this committee is convinced that society should 
begin to modify its procedures to meet inevitable new conditions * * *” 

“One important lesson which results from this study is the following: The 
present state of advance in atomic and nuclear physics on the one hand, and 
in genetics on the other hand, are seriously out of balance. We badly need to 
know much more about genetics—about all kinds and all levels of genetics, 
from the most fundamental research on various lowly forms of life to human 
radiation genetics. This requires serious contributions of time, of brains, and 
of money. Although brains and time are more important than money, the latter 
is also essential; and our society should take prompt steps to see to it that the 
aa of research in genetics is substantially expanded and that it is sta- 

ilized.’ . 

Has any agency of the government undertaken research in genetics on a sub- 
stantial scale, as was recommended ? 

2. The Committee of Pathologic Effects noted that “The increasing contam- 
ination of the atmosphere with potential carcinogens, the widespread use of 
many new and powerful drugs in medicine and chemical agents in industry, 
emphasize the need for vigilance over the entire environment.” 

Have there been any directed studies by your committee or any other com- 
mittee of the Congress, to any United States agency to examine the “entire 
environment” of a community, or a city, or a rural area, or of any group of 


controlled individuals, whereby an analyses of the total pollution and of the 
total contamination might be made? 
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3. The Committee on Meteorological Aspects stated among other things that 
“the operation of any significant fraction of the earth’s nuclear reactors without 
proper safeguards would be of concern to all” * * * The report stated further 
that “it should be pointed out that the release of a hazardous substance by any 
country may affect other countries—particularly in the same latitude belt; 
international control to establish and maintain high standards of safe plant 
operation is essential’. This committee also remarked that “as additional 
safety factors, meteorological research to locate plants in areas where un- 
expected releases will do the least damage is desirable.” * * * 

Has your committee or any other body in Congress directed any agency of 
the government to take steps toward establishing any sort of international con- 
trol of nuclear reactor plants? Has any scientific organization satisfactorily 
refuted the recommendation of the Meteorological Committee? If no, why has 
the AEC issued licenses for the construction of large scale reactors near New 
York City, Chicago, Detroit and Pittsburgh, if it is desirable “to locate plants 
in areas where unexpected releases will do the least damage’’? 

4. The Committee on Oceanography and Fisheries. This committee indicated 
more than any other, urgent and immediate need for world studies. In their 
Conclusions and Recommendations they stated, “Within the foreseeable future 
the problem of disposal of atomic wastes from nuclear fission power plants will 
greatly overshadow the present problems posed by the dispersal of radioactive 
materials from weapon tests. It may be convenient and perhaps necessary to 
dispose of some of these industrial wastes in the oceans. Sufficient knowledge 
' is not now available te predict the efforts of such disposal on man’s use of other 
resources of the sea.” 

“We are confident that the necessary knowledge can be obtained through an 
adequate and long-range program of research on the physics, chemistry, and 
geology of the sea and on the biology of marine organisms. Such a program 
would involve both field and laboratory experiments with radioactive material 
as well as the use of other techniques for oceanographic research. . Although 
some research is already underway, the level of effort is too low. Far more 
important, much of the present research is too short-range in character, directed 
towards ad hoc solutions of immediate engineering problems, and as a result 
produces limited knowledge rather than the broad understanding upon which 
lasting solutions can be based.” 

“We recommend that in future weapons tests there should be a serious effort 
to obtain the maximum of purely scientific information about the ocean, the 
atmosphere, and marine organisms. This requires, in our opinion, the following 
steps: (1) In the planning stage committees of disinterested scientists should 
be consulted and their recommendations followed, (2) funds should be made 
available for scientific studies unrelated to the character of the weapons them- 
selves, and (3) the recommended scientific program should be supported and 
earried out independently of the military program rather than on a ‘not to 
interfere’ basis.” 

“Tgnorance and emotionalism characterize much of the discussion of the 
effects of large amounts of radioactivity on the oceans and the fisheries. Our 
present knowledge should be sufficient to dispel much of the over-confidence 
on the one hand and the fear on the other that have characterized discussion 
both within the Government and among the general public. In our opinion, 
benefits would result from a considerable relaxation of secrecy in a serious 
attempt to spread knowledge and understanding throughout the population.” 

“Sea disposal of radioactive waste materials, if carried out in a limited, 
experimental, controlled fashion, can provide some of the information required 
to evaluate the possibilities of, and limitations on, this method of disposal. 
Very careful regulation and evaluation of such operations will, however, be 
required. We, therefore, recommend that a national agency, with adequate 
authcrity, financial support, and technical staff, regulate and maintain records 
of such disposal, and that continuing scientific and engineering studies be 
made of the resulting effects in the sea.” 

“We recommend that a National Academy of Sciences-National Research 
Council committee on atomic radiation in relation to oceanography and fisheries 
be established on a continuing basis to collect and evaluate information and to 
plan and coordinate scientific research.” 

“Studies of the ocean and the atmosphere are more costly in time than in 
money and time is already late to begin certain important studies. The problems 
involved cannot be attacked quickly or even in many cases, directly. The pollu- 
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tion problems of the past and present, though serious, are not irremediable. The 
atomic waste problem, if allowed to get out of hand, might result in a profound, 
irrecoverable loss. We, therefore, plead with all urgency for immediate intensi- 
fication and redirection of scientific effort on a world-wide basis towards building 
the structure of understanding that will be necessary in the future. This struc- 
ture cannot be completed in a few years; decades of effort will be necessary and 
mankind will be fortunate if the required knowlerge is available at the time 
when the practical engineering problems have to be faced.” 

“The world-girdling oceans cannot be separated into isolated parts. What 
happens at any one point in the sea ultimately affects the waters everywhere. 
Moreover, the oceans are international. No man and no nation can claim the 
exclusive ownership of the resources of the sea. The problem of the disposal of 
radioactive wastes, with its potential hazard to human use of marine resources, 
is thus an international one. In certain countries with small land areas and 
large populations, marine disposal of fission products may be essential to the 
economic development of atomic energy. We, therefore, recommend: (1) that 
cognizant international agencies formulate as soon as possible conventions for 
the safe disposal of atomic wastes at sea, based on existing scientific knowledge ; 
and (2) that the nations be urged to collaborate in studies of the oceans and their 
contained organisms, with the objective of developing comparatively safe means 
of oceanic disposal of the very large quantities of radioactive wastes that may 
be expected in the future.” 

“Because of th2 increasing radioactive contamination of the sea and the atmos- 
phere, many of the necessary experiments will not be possible after another 10 or 
20 years. The recommended international scientific effort should be developed 
on an urgent basis.” 

Has your committee or any other committee in the Congress considered the 
establishment of a national agency such as is recommended in paragraph 6? Has 
any agency of the United States Government taken steps to meet with other 
government bodies in an effort to ‘formulate as soon as possible, conventions for 
the safe disposal of atomic wastes at sea”? Has your committee directed any 
agency of the gevernment to collaborate with other nations “in studies of the 
oceans and their contained organism, with the objective of developing compara- 
tively safe means of oceanic disposal of the very large quantities of radioactive 
wastes that may be expected in the future’? 

5. The Committee on Agriculture and Food Supplies. This committee recom- 
mended, among other things, that “The Committee therefore urgently recom- 
mends that appropriate experimentation be immediately activated to provide 
specific information about possible total or cumulative biological effects that 
might follow the ingestion of such foods. It further urges that the planning of 
such experiments be broadly based, and that the development of the experimental 
designs and details of their subsequent execution be most carefully considered 
in order that the emerging data will be acceptable as a basis for the crucial deci- 
sions that ultimately will have to be taken, and directly of value to the regulatory 
agencies charged with the protection of the public interest * * *.” 

“Research activities might appropriately be carried out on areas near weapons 
test sites where substantially greater changes in background would be antici- 
pated. The distribution in the environment, in the soil at various depths, in 
the vegetation, in the wildlife, in the streams, etc., would all be pertinent. The 
rate of accumulation in soil as affected by land use ovght to be studied. Forested 
land, range land, rotation grassland, and plowland, irrigated and non-irrigated, 
may each present a different situation. It is possible that certain of the State 
Agricultural Experiment Stations might be in a position to undertake limited 
surveys of this type on areas likely to be under their control for some considerable 
time in the future.” 

Has your committee knowledge of any experimentation being undertaken by 
any agency of the government ‘to provide specific information about possible 
total or cumulative biological effects that might follow the ingestion of such 
foods”? Also has your committee recommended funds for the Department of 
Agriculture, or any other government agency, to be used in undertaking the 
research activities in areas near weapons test sites, as recommended? 

6. The Committee on Disposal and Dispersal of Radioactive Wastes—This 
Committee listed the following items that were considered important enough to 
require further study: 


(1) Geophysical and geochemical aspects of ultimate disposal of highly 
radioactive wastes. 
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(2) Site selection for various nuclear facilities, particularly chemical pro- 
cessing plants and their location with respect to suitable waste disposal 
areas. 

(3) Transportation of highly radioactive materials. 

(4) Relationship of introduction and development of nuclear facilities to 
basic public health, social and economic situations extant or resulting from 
such development. 

The Committee on Oceanography would seem to have covered this field 
thoroughly. 

In summary, although the 1954 Atomie Energy Commission Act would seem to 
vest all responsibilities concerning atomic matter in the hands of the AEC, there 
Seems to be now a public health problem which involves the land, the oceans, the 
air and agricultural products, and I would be deeply grateful if your committee 
could provide me with any record of research projects that might have been 
approved by the Congress, and that might be carrying out some of the recom- 
mendations of the before-mentioned committees of the National Academy of 
Sciences. 

Very truly yours, 

Pare LORENTZ, 


United States ATOMIC ENERGY COMMISSION, 
Washington 25, D. C., April 9, 1957. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR Mr. Ramey: This is to acknowledge Dave Toll’s letter of April 6, 1957, 
enclosing a letter from Pare Lorentz Associates, Inc., addressed to Senator 
Anderson dated April 1, 1957. 

Be assured the letter will receive our prompt attention, and a reply will be 
forwarded. 

Sincerely yours, ! 
Bryan F. LAPLANTE, 
Special Assistant to the General Manager (Congressional). 


Unitep States Atomic ENERGY CoMMISSION, 
Washington 25, D. 0., May 22, 1957. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR Mr. RAMEY: This is in further reply to Mr. David Toll’s letter of April 6, 
1957, requesting the Commission’s comments on a letter dated April 1, 1957, 
Senator Anderson had received from Pare Lorentz Associates, Inc. To the 
extent we are knowledgeable we are happy to provide answers or comments in 
connection with the questions raised by Mr. Lorentz: 

1. Congress has not appropriated funds specifically directed toward the 
establishment of a national system of radiation exposure record keeping, nor 
has it directed the Atomic Energy Commission or any other agency to institute 
such a system. Some study has been given this subject by the Commission’s 
Division of Biology and Medicine, by the Advisory Committee for Biology and 
Medicine and by a number of national and international bodies including the 
National Committee on Radiation Protection, the International Commission on 
Radiation Protection, the United Nations Scientific Committee on the Effects 
ef Atomic Radiation, and the World Health Organization. A complete system 
of record keeping would involve either (a) the necessity for each individual in 
the population to carry a card upon which would be entered the radiation 
exposure received at each medical examination and treatment and the radiation 
received from occupational exposures, or (b) the reporting of each such exposure 
to a central bureau by radiologists and health physicists, together with some 
means of accurately identifying the individual’s exposure. The first of these 
methods, to be successful, would require the cooperation of all individuals in 
the population. Either method would be unwieldly. As a result of increasing 
interest in radiation exposures, radiologists are voluntarily making more accurate 
determinations of exposures actually given during examinations and treatments 
and are keeping better records of such exposures. A number of studies to obtain 
more accurate estimates of average exposures incidental to medical diagnosis 
and treatment in representative hospitals are under way. Records of occupa- 
tional exposure are kept on individuals employed in AEC establishments. Persons 
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using sources of radiation licensed by the AEC are also required to keep records 
of personal exposure to demonstrate compliance with regulations covering such 
use. It may be expected that most private industries employing persons subject 
to radiation exposure will maintain records of exposure for purposes of legal 
protection. 

As noted in the Commission’s 21st Semi-annual Report to Congress, research 
in genetics was initiated by the Manhattan Project and has been supported on a 
greatly expanded scale by the AEC. Research in genetics is also supported 
independently by the National Science Foundation and by the National In- 
stitute of Health. There has been no large increase in the amount of Gov- 
ernment-supported genetic research as a result of NAS-NRC report. While 
more rapid expansion could take place with a greater expenditure of Gov- 
ernment funds, there is also a need for a large number of competent scientists 
interested in carrying out the studies. 

2. The Congress is well aware of the problem of the increasing contamina- 
tion of the atmosphere and its possible relationship to the increase in lung 
cancer, and has set up under the Department of Health, Education, and Wel- 
fare the Interdepartmental Committee on Community Air Pollution. 

This Committee has official representation from the Department of Agricul- 
ture, the U. S. Atomic Energy Commission, the Department of Commerce, the 
Department of Defense, the Department of Health, Education, and Welfare, 
the Department of Interior, and the National Science Foundation. 

The Committee holds regular meetings in order to discuss in detail the prob- 
lems connected with air pollution. In addition, there is a budget supplied to 
DHEW through Congressional appropriation which is being used for research 
and survey work in connection with air pollution. 

3. Some degree of international control of nuclear reactor plants is to be 
expected from the International Atomic Energy Agency. Such controls will 
apply only to reactors built and operated by members of the agency. 

The Atomic Energy Commission has issued “construction permits” for power 
reactors at Indian Point, New York, approximately 24 miles from New York 
City, at Dresden, Illinois, approximately 50 miles from Chicago, and at La- 
goona Beach, Michigan, approximately 30 miles from Detroit. In addition, 
the Commission is constructing a Pressurized Water Reactor at Shippingport, 
Pennsylvania, approximately 25 miles from Pittsburgh. In the case of the 
Pressurized Water Reactor the AEC undertook the construction of this re- 
actor after a careful survey of the conditions at the site and the type of re- 
actor which was to be built. It was concluded that the public would be ade- 
quately protected by- the type of reactor selected and also by providing for a 
tight container around the reactor to contain radioactive materials in the 
unlikely event of a reactor accident severe enough to disrupt the heavily con- 
structed primary reactor container system. In the case of the three privately- 
owned reactors, the construction permit was issued for these only after careful 
consideration of the general type of reactor plan and with provisos that these 
too would be surrounded by safety containers to protect the public in the case 
of an accident. As you are no doubt aware there is now in progress a hearing 
on the Power Reactor Development Corporation Lagoona Beach reactor. 

4. A Scientific committee initiated and financed by the Atomic Energy Com- 
mission, Office of Naval Research, Fish and Wildlife Service, and with the 
participation of the National Science Foundation has recently been established 
by the National Academy of Sciences. The scope of the committee is to: 

1. Survey and evaluate the state of knowledge and activity in the various 
branches of oceanography and recommend broad programs and specific 
tasks that might be undertaken to advance the oceanographic sciences. 

2. Facilitate joint planning among those responsible for the support and 
conduct of research in oceanography. 

3. Stimulate coordinated studies on problems which overlap the tradi- 
tional boundaries of specialized research, and identify opportunities for 
the application of knowledge and theory from other sciences and disciplines 
to problems of oceanography. ; 

4. Develop a focal point for the compilation, exchange, and dissemina- 
tion of information, and promote the efficient utilization of research per- 
sonnel and facilities. 

5. Provide forums for the discussion of problems of concern to all 
branches of Oceanography (such as manpower, ship and laboratory facil- 
ities, instrumentation, data processing, etc.) and foster the search for 
solutions to those problems. : 
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6. Provide for appropriate scientific representation in international meet- 
ings and furnish counsel regarding United States national interests in 
matters pertaining to the ocean. 

It is anticipated that this committee will be a working group, as well as one 
_to give advice which will enable the participating agencies to accomplish ob- 
jectives even beyond those mentioned in Mr. Lorentz’ question. 

The Oceanographic Panel of the International Geophysical Year (U. S. 
participation financed through N.S.F.) is also actively studying phases of 
physical oceanography which will contribute to knowledge necessary for sea 
disposal of atomic wastes. 

A number of research projects are supported by the Atomie Energy Com- 
mission which have a bearing on the biological effects of radioactive wastes 
which might be disposed of at sea. These are: 

1. Woods Hole Oceanographic Institution “Biological and Radiochemical 
Studies of Coastal Plankton Populations” 

2. Marine Biological Laboratory, Woods Hole “Studies on the Physiology 
of Marine Organisms Using Radiosotopes” 

3. Applied Fisheries Laboratory, U. of Washington Radiobiological Surveys 
in the Vicinity of the Eniwetok Test Site. (This is net the exact title of any 
one project but is the general subject of their research. ) 

4, Naval Radiological Defense Laboratory, San Francisco 
“Study of Soil, Water, Flora and Fauna of the Marshall Islands” 

5. The Fish and Wildlife Service, Beaufort, N. C. 

“The Accumulation of Fission Products by Marine Fish and Shellfish 

6. University of Hawaii, Hawaii Marine Laboratory 
“Radioisotope Uptake in Marine Organisms with Special Reference to the 
Passage of Such Isotopes As Are Liberated from Atomic Weapons Through 
Food Chains Leading to Organisms Utilized as Food by Man” 

7. University of Hawaii, Hawaii Marine Laboratory 
“Management of the Eniwetok Marine Biological Laboratory” 

8. Stanford University, George Vanderbilt Foundation 
“Marine Biological Survey of Western Pacific” 

In reference to question (6), geophysical and geochemical aspects of ultimate 
disposal of high-level wastes are being actively considered by a number of re- 
search groups and projects. These are described on pages 159-160 of the 21st 
Semi-annual Report to Congress (January 1957). In addition, a new project now 
in effect with Scripps Oceanographic Institute is concerned with studies of the 
circulation of elements of biological importance, and the dynamics of their dilu- 
' tion and concentration, throughout the entire geophysical environment. 

5. The recommendation of the Committee on Agriculture and Food Supplies 
quoted here applies primarily to fallout from nuclear weapons, particularly 
- strontium 90. The AKC has for several years been engaged in extenSive research 
programs covering not only the biological effects that might follow the ingestion 
of such foods but also studies of the distribution of strontium 90 in the environ- 
ment, in the soil at various depths, in the vegetation, and in animals under a 
variety of environmental conditions. The U. S. Department of Agriculture in 
certain state agricultural experiment stations has cooperated in some of these 
studies. The AEC has conducted studies of uptake of radioactive materials by 
plants and wild animals near the weapons test sites but has not found a favorable 
environmental condition for establishing a large scale agricultural research 
activity near the test site. 

6. In this portion of his letter, after enumerating items considered by the 
Committee on Disposal and Dispersal of Radioactive Wastes as sufficiently im- 
portant to require further study, we assume Mr. Lorentz intended to say that that 
Committee would seem to have covered this field thoroughly. These tiems have 
been under intensive study by the AEC but may be expected to represent basic 
problems in the development of nuclear energy for some years to come. 

Geophysical and geochemical aspects of the disposal of highly radioactive 
wastes in soil have been under intensive study for more than ten years at our 
Hanford plant and to a somewhat lesser extent at Idaho Falls and at Oak Ridge. 
In these studies we have had the cooperation of the U. S. Geological Survey and 
the Earth Sciences Division of the National Academy of Sciences. 

Studies of site selection for chemical processing plants with respect to suitable 
waste disposal areas are of course not made independently of the studies men- 
tioned above. 

Responsibility for the safe transportation of highly radioactive material is 
vested in the Department of Commerce, the Civil Aeronautics Board, and the 
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U. S. Coast Guard. The AEC has worked closely with these agencies and is 
presently engaged in studies designed to minimize hazards incidental to future 
transportation requirements of the nuclear energy industry. 

The relationship of nuclear facilities to basic public health, social and economic 
situations is a broad question upon which many studies are being brought to bear; 
for example, the Joint Committee on Atomic Energy established in 1955 a panel 
of prominent persons from mauy professions to study the impact of the peaceful 
uses of atomic energy. The report of this panel was published in two volumes in 
January of 1956. The Joint Committee on Atomic Energy and other committees 
of Congress such as the Committee on Interstate and Foreign Commerce, House 
of Representatives; the Committee on Government Operations, House of Repre- 
sentatives; and the Senate Committee on Foreign Relations, to mention but a few, 
haxe from time to time held hearings on various aspects of this subject. 

This subject has also been of interest to many other groups including the Atomic 
Energy Commission, the U. 8. Public Health Service, the National Academy of 
Sciences, the World Health Organization, the United Nations, the International 
Labor Organization, the Rockefeller Foundation, state health organizations and 
many other groups. These interests are developing our knowledge of the rela- 
tionship of nuclear facilities to public health more rapidly than any other aspect 
of public health. Social and economic impacts arise more spontaneously from 
economic interests. 

In reference to the last paragraph of Mr. Lorentz’ letter, we believe that he 
is in error in assuming that Congress approves individual research projects 
rather than approving budgets for research programs. 

We trust the information supplied above will be of assistance to you in reply- 
ing to Mr. Lorentz’ letter. Mr. Lorentz’ letter is being returned to you. 

Sincerely yours, 
R. W. Coox, Deputy General Manager. 


Enclosure: Letter dated April 1, 1957. 


UnitTep States ATOMIC ENERGY COMMISSION, 
Washington 25, D. C., July 9, 1957. 
Hon. Cart T. DURHAM, 
Chairmun, Joint Committee on Atomic Energy, 
Congress of the United States. 

Dear Mr. DurHAM: The Atomic Energy Commission approved for unclassi- 
fied publication the rewritten handbook entitled “The Effects of Nuclear 
Weapons,” copies of which are attached. 

New information has been developed since “The Effects of Atomic Weapons” 
was last published. At the request and with the assistance of the AEC, the 
Armed Forces Special Weapons Project of the Department of Defense prepared 
the new edition. The services of Dr. Samuel Glasstone were secured as editor 
and the material was reviewed by the Federal Civil Defense Administration, by 
cognizant contractors of the AEC, and by the Department of Defense. 

“The Effects of Nuclear Weapons” updates information appearing in the 1950 
handbook and the February 15, 1955 release on Effects of High-Yield Weapons. 
It includes an expanded coverage on fallout referred to in our letter to Senator 
Anderson dated November 16, 1956. It bears a foreword signed by the Secre- 
tary of Defense, Charles E. Wilson, for the Department of Defense, Admin- 
istrator Val Peterson for the FCDA, and the undersigned for the AEC. The 
handbook has been printed by the Government Printing Office which also pre- 
pared the advanced page-proof copies of those chapters dealing with fallout 
which were furnished to Representative Holifield of your Committee for the 
recent hearings on fallout. 

Approval of the text by the Commission was unanimous except with respect 
to a number of points on which Commissioner Murray desired wording or action 
differing from that believed most appropriate or factual by the other members 
of the Commission. Commissioner Murray asked that you be informed of the 
points concerned; these are listed in the second attachment and comment 
thereon will be provided if requested. 

These copies of the Effects of Nuclear Weapons handbook are being sent in 
advance of the release for the book which is set for publication in afternoon 
newspapers of Friday, July 12, 1957. When these copies were received it was 
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noted that the printer had omitted six lines from paragraph 10.24 on page 454, 
A correction sheet for that page has been included in each book. 
Sincerely yours, 
Lewis L. Strauss, Chairman. 

Attachments: As stated above. | 

Listed below are seven suggestions regarding “The Effects of Nuclear Weapons” 
handbook, which were made by Commissioner Thomas BH. Murray but were not 
accepted by the Commission. 

(1) That Chapters 9, 10, and 11 be submitted to the Advisory Committee on 
Biology & Medicine for review prior to approval for publication. 

(2) That there be inserted in the Handbook a detailed Appendix of latest 
statistics and opinions relative to world-wide fallout. 

(3) That in the last sentence of para. 9.49 which reads: “In fact the external 
radiation produced by the fallout from a weapon with a fission yield in the 
megaton range would be extremely small in comparison with the natural back- 
ground radiation,” the word “extremely” be deleted and, following the word 
“small,” (of the order of percent)” be added. 

(4) That in para. 9.94 of the Handbook, the words “can under some condi- 
tions” be replaced with the words ‘could be expected to” in the sentence which 
reads: “One is that the residual nuclear radiation can under some conditions 
represent a serious hazard at great distances from a nuclear explosion, well 
beyond the range of blast, shock, thermal radiation and the initial nuclear 
radiation.” 

(5) That in para. 10.1, the word “will” be used instead of “may” in the sen- 
tence which reads: “During the first few days or weeks after the detonation, 
the radiation levels may be high enough to represent a danger to exposed 
persons.” 

(6) That Chapter 10 entitled “World-Wide Fallout and Residual Radiation” 
give added coverage to the long-term strontium-—90 hazard from local fallout. 

(7) That in para, 11.122 the word “may” be deleted and the word “find” be 
changed to “finds” in the second sentence which reads: “The strontium may 
then find its way, mainly through milk products, into the human body.” 





APPENDIX 7 


1. INrFoRMATION FURNISHED TO THE JOINT COMMITTEE BY STANLEY 
H. Crarx, BAartimore, Mp. 


9. INFORMATION FURNISHED TO THE JOINT ComMmITrTEE By ALDEN A. 
Porrrr, Beruespa, Mp. 


8420 Lookout MOUNTAIN AVENUE, 
Los ANGELES 46, CALIF., 
February 22, 1957. 
Mr. GRAHAM DUSHANE, 
Editor, Science, 
1515 Massachusetts Avenue NW., 
Washington 5, D. C. 


DrAR Sir: The article on Sr—90 content in human beings by J. L. Kulp, et al. 
(Science, February 8, 1957) may possibly be interpreted by some readers as 
indicating that there is little danger at this time from Sr—90. Actually that is 
very far from the truth. 

First, consider the International Commission of Radiological Protection’s 
recent (November 1956) reduction of the maximum permissible dose. It is now 
considered to be one-third (4%) of the former value or five roentgens per year 
(this is occupational). Next we must always consider the occupational maxi- 
mum permissible concentration separately from the maximum permissible con- 
centration for the entire populace. The accepted reduction factor is ten—that 
is, the populace maximum permissible concentration should not exceed 0.5 
roentgens per year (5X01). Applying to the Sr-90 maximum permissible 
concentration, we see that the populace m. p. ce. is 33.8 micromicrocuries gram 
of calcium rather than the 1,000 micromicrocuries/gram of calcium as stated 
in the above-mentioned article. In the light of this value let us look at the 
actual Sr-90 content in human beings from different locations on the earth. 

We see that the average value which is present in human beings today is only 
1/330 of this m. p. ec. and will become 1/83 (to 1/16) of the populace m. p. ¢c. by 
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1970 even if no further nuclear devices are exploded! Now let us look more 
carefully at the concentration of Sr-90 in some of the 600 specimens analyzed. 
We find that 13 out of these 600 specimens actually exceed 1 micromicrocurie 
per gram of calcium now (through 1955). Or that they will have 10 to 20 
micromicrocuries per gram of calcium by 1970 even though no further tests are 
conducted! These 13 specimens represent about 2 percent of the specimens 
which, if applied to the world population, is about 50,000,000 people! It will 
be noted from Fig. 2 of the Science article that these are mostly young people, 
20 years or younger. 

Of course, if tests are conducted at the same rate as in the past ten years, 
these 50,000,000 people on the surface of the earth would almost certainly be 
carrying an amount of Sr—90 equal to or even greater than the populace maxi- 
mum permissible concentration of 33.3 micromicrocuries/gram of calcium! 

Finally, we should note on page 68 of the British Research Council’s Report 
“The Hazards To Man Of Nuclear And Allied Radiations” the following para- 
graph “In the light of knowledge at present available, we should feel that 
immediate considerations were required if the concentration (of Sr-90) in 
human bones showed signs of rising greatly beyond one-hundredth of that corre- 
sponding to the maximum permissible occupational level.” 

I believe that this information merits the attention of scientists and public 
alike. 

Sincerely, 
STANLEY H. CLARK, 
Medical Physicist, Cedars of Lebanon Hospital, Los Angeles, Calif. 
NUCLEAR DIvIsION, GLENN L. MarTIN Co., BALTIMORE 3, Mp., March 15, 1957. 


10 EncEview Rv., BALTIMORE 4, MARYLAND, 
June 10, 1957. 
Re hearings on the problem of radicactive fallout from nuclear weapons ex- 
plosions. 
Representative CHET HOLiriEtp, 
Chairman, Subcommittee of the Joint Committee on Atomic Energy, 
Room F-88, Capital Building, Washington, D.C. 

Dear Mr. Horirietp: I would like to submit for inclusion in the Congressional 
Record my feeling, as a scientist-citizen, on the subject of fallout and radiation 
injury. I would also like to make a suggestion for resolving the current conflict 
regarding testing of nuclear devices. 

* * * * * * * 


Although the medical genetic radiation exposures do exceed the fallout genetic 
radiation exposures in the United States, these medical exposures are knowingly 
received under medical supervision. This is not the case with world populace 
when we consider exposure from radioactive fallout. This, I feel, is the main 
point—we cannot expect all people to accept biological damage no matter how 
small or well justified we feel as a nation in exposing ourselves. Jf there was 
general agreement in the scientific community that there was negligible damage 
then such exposure would probably be acceptable. 

Since the government has clearly stated that the testing of nuclear devices 
must be continued if our national security is not to be jeopardized, then we 
should look for solution to this problem which will not appreciably hinder future 
testing programs. The currently considered solution, that of reducing world 
nuclear testing to a few megatons per year, obviously does not fulfill the national 
security need. We must provide a means for testing nuclear devices by other 
nations as Well as ours since world wide development of nuclear devices seems 
inevitable, 

Probably the only solution to this problem is to make tests outside of the 
earth’s atmosphere, i.e, in space. Today, 1957, this is technically feasible. 
We are now in a position to launch such nuclear devices on missiles that go 
well above the atmospherie envelope. I will not belittle the test difficulties ; 
the difficulties in obtaining detailed test information; however, I feel certain 
the problems in this area can be resolved. Certainly the magnitude of an 
explosion and most of its physical characteristics can be ascertained during 
detonation in space. 

The point I would like to stress technically is that it is completely safe from 
the radiological hazard standpoint to test weapons in space. (Probably the 
most serious hazard would be the great light intensity produced during such 
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tests.) What happens to the radioactive fission products when a nuclear device 
is exploded, for exaniple, at 100 kilometers? Particles of 2 microns diameter 
(1 micron equal 1/10,000 centimeter) take a little over three years to fall to 
the earth’s surface from this altitude. Particles of greater diameter take much 
less time to come to earth (at 8 microns diameter a particle takes about 130 
days to reach the earth’s surface). However, when the particle diameter ap- 
proaches 0.2 micron or less, a new phenomena begins to occur. The light from 
the sun actually will push the particles out of the earth’s gravitational field 
and, in fact, out of our solar system. Thus, for nuclear explosions in space 
with all particle sizes probably occurring of less than 1 micron, we have a means 
of cleaning up the fission products; in fact, sweeping them out into space. 
Surely this is the ultimate in a radiologically safe testing program. It is my 
hope that this means of resolving the nuclear testing debate will be investigated. 
If greater costs are necessary for such tests I feel certain that they will be 
jusified in the light of human well being. 
STANLEY H. CLARK. 


MeEpICAL X-RAY EXPOSURES—NATIONAL VARIATIONS, INTEGRAL Doses, Etc. 


Stanley H. Clark,’ National Biophysics Conference, Columbus, Ohio, March 4-6, 
1957 


INTRODUCTION 


The development of the uses of atomic energy has focused greater and greater 
attention on the biological effects, particularly, the effects on man, of all ionizing 
radiation. The relative furor over the biological effects on man of radioactive 
fall-out has led to the refocusing of attention on existing and accepted uses of 
ionizing radiation. ‘Thus, the pressures exerted due to new problems associated 
with uses of nuclear materials has caused a re-evaluation by a U. N. Committee, 
by Government bodies, scientific organizations, and individuals, of man’s total 
radiation environment. Most, or all of these studies have indicated that of all 
the “men created” radiation exposures, that the uses in medicine are currently 
the most significant. Thus, we find that in the United States National Acad- 
emy of Science Report, “The Biological Effects of Atomic Radiation” and in the 
British Medical Research Council Report “The Hazards to Man of Nuclear and 
Allied Radiations,” as well as the U. N. Report on the biological effects of 
radiation that the medical uses of radiation have been subject to rather critical 
analysis. 

Here is a comparison of the genetic exposure values in the medical uses of 
radiation as stated in the various national reports. 

Values are for the first 30 years of life, and assume exposure at the same 
rate as at present and in the immediate past. 

1. The United States as given in the National Academy of Sciences Re- 
port—3 roentgen. 

2. The British, as given in the Medical Research Council. Report—0.6 
roentgen. 

3. Sweden—Sivert’s Study—0.78 roentgen. 

4, Australia—Martin’s Study—0.304 roentgen. 

5. The U. N. Radiation Studies Committee Report—not yet completed 
wide range of values for different countries. 

Let us now see what factors could account for these differences. (There is no 
particular order in this listing of factors.) 

(a) Differences in actual number of diagnostic exposures to the-populations of 
the various nations is one of the most important factors. Since each report sums 
medical exposures and then divides this lumped sum (in roentgens) by the 
numbers of people it makes considerable difference how many people in a 
populace have how many exposures. Related to the number of exposures per 
populace is no doubt standard of living of that particular nation. 

(b) We might also ask, what medical uses are included in each nation’s re- 
port. This calls attention to the fact that only the United States value includes 
therapeutic uses of X-rays (for non-malignant conditions), and uses of radio- 
isotopes in medicine. These uses account fer about 15% of the 3 roentgen value 
in the National Academy figure, 





1Cedars of Lebanon Hospital, L. A., Consultant, Medical Division, Oak Ridge Institute 
of Nuclear Studies, Physicist in Radiology, Medical School, University of Southern Cali- 
fornia, now with the Glenn L, Martin Company, Nuclear Division, Baltimore 3, Maryland, 
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(c) Difference in physical factors and techniques represents a significant 
variable. There is considerable more control of physical factors in England and 
in Sweden due to a combination of factors—socialized medicine; physicists 
have a closer relationship with radiologists; and early recognition of radio- 
logic physics as a profession. In the United States one finds the private physician 
performing fluroscopy as well as other medical specialists, dentists, chiropractors, 
general practitioners, ete., using X-rays with few exceptions without any con- 
sultation with a radiologic physicist. 

(d) Another factor that should be remembered is that of the origin of the 
various data which were used for averaging. 

1. The National Academy averaged from a few United States hospitals 
and medical groups, however, correlating this data with nationwide uses of 
X-ray film, etc. 

2. The British used hospitals in England and Wales which have hospital 
physics, groups and extrapolated for the rest of England. “Gonadal doses are 
based primarily on 1500 patients at one large hospital, (where incidentally 
particular care is taken to reduce the gonad dose to the minimum).” 

8. In Sweden, most of the medical uses of radiation were considered in 
obtaining the average genetic exposure, no doubt the study was strongly 
influenced by the Institute of Radiopsysique in Stockholm where procedures 
are under direct supervision of a physics group. 

4. In Martin’s report on gonadal exposure due to diagnostic uses of 
X-rays he uses almost all available literature and the ratios of various 
diagnostic procedures in one hospital are the basis for his dosage estimates. 

(e) Additional explanatory notes on factors which contribute to the range of 
exposure values. 

1. The British Medical Research Council figure is really not comparable 
with the United States value since—to quote from that report—‘The value 
of 22% (0.6 roentgen) should be regarded as a probable lower limit 
rather than as an estimate. A realistic estimate of the radiation contribu- 
tion from diagnostic radiology might be considerably greater than this 
figure”. They also discuss the possible factors of 2, 8, and even 10 times 
this lower limit. 

2. In the Australian exposure analysis, J. H. Martin states “that the turn 
over of patients in the X-ray diagnostic department had already doubled” 
at the time of his presentation (November 1954), thus his values when 
brought up to date would be similar to, or greater than, the values for Great 
Britain and Sweden. 

3. 8. B. Osborn, whose work forms part of the basis for the British Medical 
Research Council’s estimate discusses in his analysis in Lancet that examina- 
tions of the hip and lumbar spine, pyelograms and pelvimetry, although they 
constitute only 7% of the total number of examinations, none-the-less con- 
tribute 75% of the total genetic dosage. Obviously, even minor variations 
in these procedures from one hospital to another, would cause significant 
differences in the genetic exposure values. It is interesting to note that 
Osborne finds that 26.3% of the total populace genetic exposure takes place 
during radiographic exposure of the fetus in pregnant women. 

What incident values mean in terms of whole body effect—the induction of 
cancer and the shortening of life span. 

(a) There is need for the integral dose concept when evaluating the medical 
uses of X-rays. Discussion of radiation exposure of the gonads in man and 
the ovaries in women require measurements in the vicinity of the reproductive 
organs and some correction in women for the depth of the ovaries, however in 
this case we are concerned with the dose at essentially a point and need not be 
concerned with the energy absorbed in the entire body. However when considering 
the hazard from diagnostic uses of X-rays which may produce damage in terms 
of more general tissue damage we need a different concept. The concept most 
appropriate for evaluating such general body injury is that of the integral dose, 
or absorbed dose. Specifically, the two important effects related to integral dose 
are increased incidence of leukemia and shortening of life span. Both are known 
to be associated with exposure to ionizing radiation. 

It is generally agreed that shortening of life span is strongly correlated with 
the amount of radiation energy abosrbed in the body. This effect then can be most 
appropriately discussed in terms of the integral dose—a concept originating in 
England, I believe—it is simply the product of the number of grams or cubic 
centimeters irradiated, and the number of roentgens to each of the cubic centi- 
meter volumes. Such values are calculated from either X-ray distribution pat- 
terns known as isodose patterns, or from an equation developed by Johns. (6) 
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In general, the first technique is the more accurate. However, for the sake of 
eur ealculations, the John’s equation has been used to obtain integral doses. 
When isodose curves were used the area between each isodose line was meas- 
ured, using a planimeter. This area was then multiplied by the field height 
and the average roentgen dose to that volume {to give the integral dose for that 
segment. These segment values were then summed to give the total integral 
dose. 

Before comparing particular values of diagnostic integral dose, let us consider 
how the integral dose changes with change in the energy of the incident X-ray. 
Assuming that field size and exit dose-rate is kept constant how dces the integral 
dose vary? 

The integral dose decreases rapidly with increased X-ray kilovoltage assuming 
a constant exit dose. 

Now turning to the diagnostic usages, we note that the patient exit dose 
must be essentially constant, regardless of KV, in order to produce useful film 
darkening or fluoscopic light intensity. This fact when considered in conjunc- 
tion with the area under the depth dose curve (which is proportional to the 
integral dose) shows very clearly that in the range from 40 KV to 1 mey that 
the integral dose decreases substantially with increase KY—thus, we might ask 
why the diagnostic radiologist does not continue to raise the X-ray KV and 
thereby reduce the integral dose. There are at least two physical reasons why 
this is not wholly feasible: 

' 1. The absorption coefficients for different elements in the body, i. e. bone 
and tissue become so Similar at higher kilovoltage that very little contrast 
is obtained at energies above a few hundred kilovolts. 

2. The response of film (and fluorescent screens) decreases with increase 
KY for a given incident intensity. It becomes evident that there are optional 
KY values for various parts of the body, depending strongly on what infor- 
mation one is most interested in and the thickness of the particular body 
cross section. It should be remarked that if too much filtration is used at 
high energies there will be no reduction of integral dose. There will be a 
decreased incident dose, but the exit dose must be increased because of the 
decreased film response at higher KY. 

(b) Since the increased incidence of cancer, primarily leukemia, is related 
to the actual bone dosage as well as to the integral dose, it is important to note 
the depth dose distribution as well in evaluating this particular hazard. It has 
been pointed out by Hardin Jones and others, that the dosage to long bones, 
i. e., the dosage to the rib cage, in chest X-rays would be particularly important 
insofar as the production of leukemia is concerned. It would be well to men- 
tion at this point the studies that indicate leukemia is produced by even small 
amounts of radiation. The best evidence is from the following studies: 

1.. Studies by Alice Stewart, J. Webb (7, 8), etal in England which indi- 
cate an increase in incidence of several malignant diseases including leukemia 
due to diagnostic X-ray exposures of the pregnant mother, particularly ab- 
domenal exposures. Secondly studies of the survivors of the Hiroshima and 
Nagasaki nuclear explosives (9, 10), and thirdly exposure of radiologists 
(11) in the course of their professional activities. 

2. Studies which indicate that somewhat larger radiation doses will 
produce leukemia include a series of infants treated with X-rays for thymus 
condition (12) and secondly X-ray therapy of anklosing spondylitis (13). 

The statistical analysis of this information, as well as the linear rela- 
tionship between incidence of leukemia and integrated dose is given strong 
support by Hardin Jones of University of California, in material which will 
be published in the near future. Shortening of life span as caused by 
radiation has been borne out by many animal experiments by the shortening 
of life span of radiologists, and by patients who have been treated with 
X-rays. Here again, the dose is linear with respect to shortening of life 
span. According to Jones about 10 days should be subtracted for each 
roentgen received of whole body radiation. The integral dose ranges from 
about 11,300 to 56,000 gram-roentgens for 1 roentgen incident dose. This 
assumes a range of X-ray energies corresponding to 2 mm of aluminum half 
value layer to 2mm of copper half value layer. 

In the course of using X-rays for treatment of malignant diseases, we 
encounter total integral dosages ranging from 1 million gram-roentgens to 
many million (30 or 40) gram-roentgens. This wide range is due primarily 
to the variation of field sizes that are used for lesions of different dimensions, 
and to some extent of KV. These large integral doses are actually admin- 
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istered in daily doses—as many as 30 or 40—in the course of a single treat- 
ment. To cite a specific example—using a 5 cm circular field at a focal skin 
distance of 80 cm with a half value layer of 4.00 mm of copper. The daily 
dose of 100 roentgen produces an integral dose of about 19,800 gram-roent- 
gens, (remember that one roentgen incident dose produces about 11,300 
gram-roentgens). Now let us compare this therapeutic value with some 
common diagnostic procedures. A film of the lumbar spine taken through the 
AP direction with the following physical factors—AP thickness 20 cm 
F, §. D.-71 em, KV-70, MAS 160, Focal film distance 91.44 ecm (386 in.) 
produces an incident dese per exposure of 4.3 roentgen. This produces an 
integral dose of 28,810 gram-roentgens. If we take a lateral film of the 
same person, we will obtain an integral dose of about 150,000 gram-roentgen 
or the equivalent of some 714 times the daily integral dose cited for the 
above cancer therapy! Or to make another comparison, about 3 times the 
present maximum permissible exposure for one year period! This value 
would be greatly increased for a heavier person. The explanation for the 
larger integral dose as compared to the therapeutic dose is almost entirely 
due to the increase in field size. In the therapeutic example, the field size 
used was about 20 cm? in the diagnostic case it was 1487.5 em? (a standard 
14x17 inch film). Of course, the actual X-ray field size as determined by 
the cone used was circular and somewhat larger even than the area used. 
The integral dose in chest photofluoraphy would be about 10,000 gram- 
roentgens. 

In fluoroscopy, the literature cites incident dosage rates from 5 to 20 
roentgens per minute, depending undoubtedly on the amount of filteration 
and body thickness. This dosage rate would produce integral dose values 
from about 30,000 gram-roentgen per minute to about 120,000 gram-roentgen 
per minute. Frequently fluoroscopies last as much as 5 or 10 minutes which 
means the absorbed energy approaches that which is actually used for some 
small field cancer therapy. What does this mean in terms of shortening 
of life span and increased incidence of cancer? In the case of the shorten- 
ing of life span we found that a 1 roentgen incident dose (which amounts 
to about 11,000 gram roentgen would decrease life span statistically by 
about 10 days. Thus, a single fluoroscopic examination would shorten the 
life span by as much as 500 days (at a 20 r per minute dosage rate). Or 
the lateral pelvic radiograph would shorten the average life span by about 
140 days! But let us see how these figures compare with some other factors 
that are known to shorten life span (unpublished, Hardin Jones-University 
of California). 
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It should be noted that when applied .to the total populace millions of 
man-years of life are lost due to medical radiation exposure (about 7,000,000 
man-years each 30 years at the current exposure rate). 

With respect to increasing the incidence of cancer particularly myeloid 
leukemia 1 would simply like to make a general statement regarding the 
increased incidence with respect to chest photofluography as a significant 
example. We find that lr exposure per year gives a probability of 1 in 
100,000 to 1: 1,000,000 of developing leukemia per average individual (7) 
(14) (15). This probability applied to the 15,000,000 people in the United 
States who have chest X-rays (in mass chest X-ray surveys) annually 
would amount to an increased number of cases of myelogenous leukemia ; 
due to these chest X-ray exposures alone 15 to 150 cases per year and each 
year thereafter. There is in addition speculations that some individuals 
are genetically more asensitive to the induction of radiation leukemia. Thus 
a particular sub-population might have a considerably higher probability 
of the occurrence of radiation induced leukemia, 


MISCELLANEOUS-CONCLUSION 


Finally let us consider the exposure to X-ray technicians in the course of their 
training, there are some 40,000 in the United States. They divide up into pairs 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 1987 


and go through the entire radiographic series of exposures normally encountered 
in diagnostic X-ray work. The genetic exposure for 35 procedures amounts to 
about 5.6 roentgens for the male technicians and 6.3 roentgens for the female 
technicians. ‘This exposure corresponds to perhaps 20 to 30 roentgens incident 
dose (not greater) or about 10 to 15 roentgens of whole body radiation (in 
terms of integral dose). Thus in this group of technicians due to their X-ray 
exposure during training we might expect (using a probability of 10° per 
roentgen per year) some four cases of radiation induced leukemia per year. The 
additional exposure in the course of their work is not considered. Even so, 
since X-ray technicians are generally young people (at the time of training) we 
would expect this increased incidence of radiation induced leukemia to amount 
to about 160 additional cases (normally one would expect about 240 cases of 
both lymphatic and myelogenous leukemia). Hardin Jones states that the 
leukemia doubling rate is about 80 roentgens full body exposure. Which would 
give a figure of about 120 cases of radiation induced leukemia. It is hoped that 
this estimate could be confirmed from actual death statistics of X-ray tech- 
nicians. 
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Hon. W. Strerrtine Cote, 
Joint Committee on Atomic Energy, 
_ Washington, D. C. 

My Dear ConGRESSMAN Cote: Through your kind services I beg to submit the 
enclosed “Critique of Scientifie Knowledge” for entry, as the Committee may 
_ see fit, in the record of the hearings on The Nature of Radioactive Fallout and 
Its Effects on Man, held in May-June. 

The Kremlin seems to have shifted its position, softened its opposition to 
“western” genetics which they have ardently rejected—until it came handy 
in their cold war in Japan against our bomb tests. 

At the suggestion of the Committee Technical Advisor I am asking the follow- 
ing geneticists with whom I am acquainted to comment, to the committee on 
copies sent them. 

Dr. James F. Crow, National Institute of Genetics, Mishima, Japan. 

Dr. Carl ©. Lindegren, Southern Illinois University, Carbondale, Ill. 

Dr. Stanley H. Emerson, Atomic Energy Commission, Washington, D. C. 


Very truly yours, ALpEN PorreR 
LDE oR. 
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A CRITIQUE OF SCIENTIFIC KNOWLEDGE 


Keep that which is committed to thy trust, avoiding profane and vain bab- 
blings, and oppositions of science falsely so called (I Timothy 6.20). 

The evidence adduced in these hearings on the effect of radioactive fallout on 
human and other life has shown that even a considerable enlargement of test 
explosions will not increase the incidence of radioactivity materially beyond what 
all forms of life have experienced from time immemorial. 

A prime consideration is the growing belief that most of the radioactivity that 
is injurious can be eliminated from military weapons by tests now being planned 
and conducted, so that possible danger to future generations in case of war will 
be correspondingly reduced. The larger, fusion bombs are less radioactive in 
proportion to the success that may be attained in eliminating fission, as in 
“triggering” the explosion. This may explain the Kremlin’s current readiness to 
suspend tests so they can catch up with our “classified” progress toward clean 
bombs, while shedding crocodile tears over the genetic horror which they have 
subtly helped “western” geneticists implant at the Japanese National Institute 
of Genetics at Mishima. 

The attempt to make medical science “objective” has turned on statistical theory 
and practice which is leading to a great deal of confusion as to the applicability 
of degrees of probability thus determined. This source of misinformation is by no 
means confined to research in radioactive fallout as presented in these hearings, 
but extends over the whole field of science. It will therefore be necessary to 
attempt some clarification of these basic disputes as they affect the argument over 
whether observed effects may be linearly extrapolated (whether the extent of 
biological injury by radioactivity is directly proportional to the extent of such 
activity, however small), aS against the existence of a “threshold” or range of 
radiation that is either beneficial or at worst not injurious to any life. This 
critique will contend that thresholds are the rule, not the exception, in nature. 
Moreover, insofar as a threshold is biologically determined, we shall argue that 
it cannot be a fixed factor in the survival of any species because of adaptive 
changes in the organisms involved. 

Senator Anderson has cited such an adaptation in the case of the resistance 
of insects (flies) to DDT; and there are many other such cases in recent experi- 
ence with insecticides. This factor of adaptive change has been so widespread 
in medical research that in 1954 the University of Pennsylvania’s medical school 
cooperated with Naval Research in organizing a symposium on drug resistance 
at the Statler Hotel in Washington; and thereby hangs a tale. The honor guest 
and speaker at dinner was Dr, Cecil P. Martin of McGill University in Montreal, 
Canada. He was called upon to speak because of an essay, “A Non-Geneticist 
Looks at Evolution,” published in the American Scientist shortly before, in which 
he assailed “Western” genetics on the ground that it has produced an untenable 
theory of evolution, that is, the mutation-selection theory. 

This view has gathered some support even among geneticists; witness the 
recent note (Science, May 10, 1957) of Lindegren and Braun criticizing the views 
of Dr. George Beadle of the California Institute of Technology as given in his 
presidential address to the American Association for the Advancement of Science, 
for his too confident proposal to call nucleic acid a “living” molecule because it is 
a “carrier” of genes in heredity. The essence of this question lies in the way the 
species pattern is carried. Is it by a template—a minute replica as Dr. Glass 
contends—or is the system like our cultural information system, linguistic and 
therefore metaphysically informational like an engineer’s handbook? 

It should be unnecessary to record the views of Dr. Martin here for they have 
been available in a treatise published last year by the eminent medical publish- 
ing house of C. C. Thomas of Springfield, Illinois, entitled “Psychology, Evolu- 
tion, and Sex.” But the evidence adduced in these hearings by the panel of gen- 
eticists from the National Academy of Science has studiously omitted any refer- 
ence whatever to these conflicting opinions, quite as they have been omitted from 
any and all proceedings and reports of the Academy and, as to the Martin 
treatise, also from the pages of Science where the book has not been reviewed 
after almost a year since its publication. . 

It will be necessary, therefore, to try to clarify the relation between the 
Darwinian views of Dr. Martin and some few geneticists whom our Academy 
has deliberately ignored, and those set forth by the Soviet scientists at a recent 
conference in Japan on genetics where they spoke in the terms of Mendelian 
theory for the first time since the days of Trofim Lysenko. Is it indeed a mere coin- 
cidence that the mechanistic materialism of our Academy with its pretense of 
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“objectivity” now serves in furthering the curtailment of bomb testing just as 
the Russian cold war is so intensifying its peace offensive as to produce riots 
before the American embassy in Tokyo? Are we not ourselves so super- 
saturated with the prevalent anti-Darwinian philosophy that we refuse to 
examine such a scholarly treatise as that of Cecil Martin which counters the 
false alternatives of an alleged conflict between military and genetic security? 
Only the mutation-selection doctrine with its elmination of competitive strata- 
gems in organic evolution can serve the communistic pacifism of Soviet propa- 
ganda; and it is with a sudden acceptance of this idea that they carry the 
war into Tokyo! 

A clarification of these issues on an honestly open-minded, objective basis 
entails a thorough reconsideration of the basic tenets of scientific empiricism 
which define “the scientific method” (‘‘Scientism” and “positivism” are other 
terms for this “unity of science” philosophy) as purely inductive. Such a re- 
consideration is supported by the rising tide of literature indicating the im- 
minence of a conceptual revolution in science. This deductive revolt is renew- 
ing the conflict between science and the anthropocentric bigotry which gave rise 
to the Scopes trial in Tennessee instigated by William Jennings Bryan. This 
court case sought to ban the teaching of a theory of evolution that does not 
admit the uniqueness of man which is today propounded by the chemical theory 
of genetics and the origin of life because, very obviously, human affairs are 
certainly not chemically explicable. Man does not live by bread alone; but 
neither does any other form of life. 

The bigotry of this anthropomorphie theology has unmistakably injected the 
pontifical edict that an “emergent” evolutionary theory may be anthropo- 
morphie upward to divinity, but not upward from monkeys, in its “extrapola- 
tions.” Our Fundamentalists thus create a self-idolatry—a God in the image 
of man; an authoritarian threshold that may not be crossed even by the au- 
thorities. This prideful conceit that man is peculiarly unique not only has.no 
support in the Christian Gospels but it seems to beget a peculiar predilection for 
statistical extrapolation, while banning biological analogy, as scientific evidence. 

Mice are not men; so science must perforce extrapolate averages (statistical 
data) as a “first approximation” or “educated guess,” the while indulging in 
crash projects, not to test empiricism against an alternative postulate, but to 
“prove” that extrapolations (predictions) are correct and so justify, by prag- 
matie “proof”, the public policy already adopted in “playing safe” with proba- 
bilities. This is called “verifying the hypothesis” with “observational evi- 
dence.” Its successes are proclaimed from the housetops; its failures sup- 
pressed like a Nobel Prize gone sour. 

In assailing this materialistic biology it would be well to cite further evidence, 
from outside these hearings, that it does exist and is, indeed, censoriously 
entrenched in scientific literature and training for “academic freedom” in re- 
search. The popularity among biological empirics of a small book written by 
Prof. Erwin Schrédinger, author of the principal equation of the so-called 
“quantum mechanics” of atomic physics, “What Is Life?’, with its attempt to 
forecast a physical answer, is attested not only by numerous reprints (including 
a paperbound, popular edition) but also by the widespread opinion, urged most 
recently by Linus Pauling in a lecture at the National Institutes of Health in 
Bethesda, that the genesis and genetics of life can and ultimately must be de- 
fined in purely chemical terms. Any other outcome would, ex cathedra, be a 
betrayal of progress in “science.” 

Since these hearings were recessed early in June, an article has appeared 
in Science (June 7) based on another lecture at CIT (alphabetics for Cali- 
fornia Institute of Technology) by an Iowa biophysicist (Robert Sinsheimer) 
on “First Steps Toward a Genetic Chemistry.” Here “steps” in progress toward 
the end sought—toward what “we shall discover” chemically—are recounted as 
if time were reversed by some extrasensory perception. The facts are “not 
9. sufficient proof * * * but in a way it is satisfactory to believe that the 
physical basis of the gene—the factor that is passed on from cell generation to 
cell generation—is physically conserved * * *.” (Just as it was satisfactory 
to believe that “parity” was “conserved” in quantum mechanics—until it was 
shown, not first by observation, but by straight thinking, that it was untenable 
however satisfying !) 

To our biophysicist certain chemical correlations have provided “a pleasing 
confirmation of our hypothesis,” even though inconsistent with other facts. To 
get rid of these embarrassing obstacles to pleasure “more refined techniques 
could prove to be of great value” in the “hope that the development of a genetie 
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chemistry will help * * *.” Why, indeed, are “elegant tracer studies” credited 
with a “pleasing result”? Why do “we know painfully little”? 

Obviously because “we” are extrapolating our pullets—counting them before 
they are hatched. Come what may, “we” are not going to hatch any cockerels 
as long as any refining of techniques (or elaboration of hypotheses) remains to 
renew the hope that springs eternal in the chemical breast that we shall soon 
know how to sex them, not by the Japanese manual methods after hatching, but 
chemically, before the eggs are laid. Some day there will be an RNA for sex, 
chemically the same for all life from virus to vireo to mastadon. 

Here, indeed, is an endless frontier for scientists; a fiscal rathole down which 
appropriations and empirical data can be poured endlessely before reaching any 
conclusions ; Such as foreign-aid policy for Japan to provide a chemically immacu- 
late conception to displace the recently legalized abortions that are keeping 
Japan (and China, too) from being any further “under-developed” ; that is, over- 
populated. Why, indeed, worry about poverty if all we need do in the matter 
of a trait called parental care is to take the long last step in genetic chemistry, to 
wit, find the proper, parental test-tube in the gene-bank kept under lead to exclude 
radioactive fallout? We are definitely assured that there is a chemistry of the 
gene (not yet correlated with DNA chemistry, but soon to be) which, when 
“we have become sufficiently advanced in our understanding” of the raveled 
sleave of mitosis, will enable us to “demonstrate the action of a gene in vitro” — 
so we can live in vitro for nine months and then have plenty of fresh milk. 

To force a reconsideration of the empirical “unity of scieuce” is more of a task 
than can be encompassed by this brief critique. Such a reconsideration might, 
however, be invited by a rather categorical review of the high spots in this con- 
captual revolution as dimly perceived despite the din of data in the process of 
erecting our scientific Tower of Babel. Conceivably we might thus stir the 
well-known, open-minded curiosity of scientists in their zealous search for ways 
to “ring out the old; ring in the new; ring out the false, ring in the true.” 
For not one but many minds are needed in the process of dismissing all the 
facets of fallacy involved in a postivistie “idealism” which obscures reality by 
making it synonymous with actuality so that “objective” means a consensus of 
subjective judgments as “verified by experience,” pragmatically. 

Life on Earth, as a whole, has no opportunity for the unlimited expansion in 
which it seeks to indulge. For this reason what men, and all other organisms, 
have most to fear is not the physical environment and its accidents, but far more 
what other biological occupants (“fellow creatures”) do to that environment 
in the struggle to survive. What any and all biological coalitions do is not 
purely physical or fortuitous. It is expediently adaptive in its strategie choices 
so that all free-will, animal life requires eternal vigilance to choose aright and 
avoid extinction at the hands of other predators who are also exploiting other 
organisms as “renewable resources,” sometimes symbiotically. 

Among men, in a civilized context, Disraeli put the case for vigilance against 
misinformation in a retort to “factual” argument by the Loyal Opposition in par- 
liamentary debate: “There are three kinds of lies; white lies, damned lies, and 
statistics.” Since then there have been frequent protests against empirical 
“objectivity” among “experts” who employ “factual” correlations to verify 
hypotheses. These have pursued the pattern, reflecting Christ’s warnings against 
false prophets set forth by St. Paul to Timothy telling him to avoid “profane and 
vain babblings, and oppositions of science falsely so called.” 

There have been side-splitting satires, like Chick Sales’ “The Specialist,” 
and, less biting but more specific, Anthony Standen’s “Science Is a Sacred Cow” 
featured by the author’s review, with lampooning cartoons, in LIFE seven years 
ago. Lately a physical chemist turned social philosopher, Prof. Michael Polanyi 
of Manchester, England, has severely indicated scientific empiricism in America 
in a paper read before a symposium on “Fundamental Concepts and Units of 
Science,” published in Science this past winter. 

Most recent and satirical of all is a contribution from Cornell University by 
zoology professor LaMont Cole, “Biological Clock in the Unicorn” (Science, May 
3, 1957). This paper so aptly caricatures statistical correlation in verifying an 
hypothesis that it is astonishing to find, following it by only two weeks in the 
pages of Science, the same “quantitative information about the effect of radia- 
tion on human health” as that presented before this committee by CIT’s Prof. 
Edward Lewis on “Leukemia and Ionizing Radiation” which Dr. Shields Warren 
rejected as inadequate evidence of causation in leukemia, supported editorially 
as follows (DuShane, Science May 17, 1957, p. 963, “Loaded Dice’) : 
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“E. B. Lewis shows that there is a direct linear relation between the dose 
of radiation and the occurrence of leukemia * * * The meaning of such findings 
is that any amount of radiation takes its toll of the population and any increase 
takes a greater toll * * * We are approaching the point at which it will be pos- 
sible to make the phrase ‘calculated risk’ for radiation mean something a good deal 
more precise than the ‘best guess.’ It is apparent that the atomic dice are load- 
ed. The percentages are against us and we ought not play (with bomb tests) 
unless we must to assure other victories.” 

The movement toward clean bombs for the West which was revealed in these 
hearings and later publicized by the President (and caustically condemned by the 
Kremlin!) has taken the wind out of the Schweitzer sails (and the Pauling 
Petition) as related to leukemia and strontium 90 so that what remains of the 
loading of atomic dice by statistical correlation is now confined to genetic effects 
as alleged by the panel from the National Academy of Science before the Commit- 
tee on June 4. 

If it is not true that (DuShane) “much can be learned about biological 
reactions (in man) by appropriate statistical and epidemiological studies,” such 
as that of leukemia conducted by a geneticist and statistician (Lewis) who has 
the “quantitative information” but not the facts about the disease (the recent 
rise in the statistical incidence of leukemia has been due, not to improved 
methods of diagnosis, much less to any increase in casual factors, but to the use 
of penicillin and other “wonder drugs” to save the patients from infections to 
which bad blood makes them very susceptible), it is equally fallacious to con- 
elude that a correlation between chromosomes and the statistical results of 
sexual crossing reveals the true character of survival values in organic evolu- 
tion. 

By the same token it is not competent to conclude from a “linear relation,” 
as did Professor Crow before the Committee, that “death, disease, and misery” 
produce “natural selection” without considering the occasion for such phe- 
nomena; for example, war, famine, and pestilence among men, which would be 
extremely difficult to correlate with any genes without even greater stretching of 
hypotheses than has as yet been employed in genetics. (“To multiply auxiliary 
hypotheses is to goropise.” See “The Principle of Simplicity” by Lewis Feuer, 
Philosophy of Science, April, 1957.) 

It is not because fruit flies are not men that the monstrous effects of laboratory 
irradiation do not prove the thesis that the human race will suffer from bomb 
tests for centuries to come. It is because mutations are not adaptations that this 
conclusion is unwarranted, either for men or for fruit flies. Gene injuries are as 
possible as any other anatomical damage from irradiation. But that they persist 
as recessives throughout a population (without benefit of the dysgenic effects of 
medical science among men), is not proved by selected statistical averages that 
destroy the facts. 

Mutations, when they do occur, are baneful, indeed; for they destroy the 
hereditary homeostasis of the species in much the same sense that a burning of 
books can destroy a cultural heritage. They are devil-utionary, not evolution- 
ary. Unlike adaptations to meet competitive pressures they do not remodel the 
species for survival and become, as Martin contends, “lingering modifications” 
which do evolve new genes in the course of unobservable time—time which is 
measured, not in terms of sidereal or sexual events (years or generations) but 
in terms of marginal elements in interacting stratagems that cannot possibly be 
reduced to “quantitative information.” 

Adaptive changes do not occur in detectable form for easy correlation; but 
they are not therefore mere accidentally adapted mutations. They are teleo- 
logical expedients, intentionally produced, in the unobservable realm of the 
microcosm. This is, indeed, an unverifiable hypothesis. But it is not a “goro- 
pised”’’ set of hypotheses devised to verify each other in an endless tautology ; 
nor is it untrue because it is unamenable to empirical confirmation by “the scien- 
tific method,” as was the case with a similar hypothesis in quantum mechanics, 
to wit, the conservation of parity, which was found to be predictably and 
testably false because it pertained to purely physical, inorganic structure. 
Not observation, but theory, made this discovery ! 

In biology theory must perforce pursue analogy—the judging of all living 
processes by our own, in aspects which every man-on-the-street knows and which 
require no expertise explanations; and these processes are not predictable in 
their course. They are expedient; just for today. While they cannot violate 
the natural laws of the physical order, they are not governed by them. They 
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are “cybernetically” governed, by negative feedbacks that involve a correction 
in the current theory of information—a corrective which postulates the existence 
of a metaphysical factor, that is, a dialectical system of commication analogous 
to human communication in everyday affairs wherein conditioned reflexes are a 
matter of the most familiar processes of modern education. As Whitehead has 
pointed out, the more civilized we are, the more automatized is our behavior. 
(Cf. Hayek, “The Use of Knowledge in Society,” Am. Econ. Review, September, 
1945.) s J 

Concurring with the Martin thesis, Lindegren and Braun (Science, May 10, 
1957) cite literature which holds that gene mutation per se does not afford a sat- 
isfactory explanation of evolution; also that the gene, like sex, is not primitive; 
nor is its alleged stability a fact. 

Pertinent to the fallacy of genetics as a physical science is my own senior 
thesis dated 1909 (Minnesota) on “The Cytology of Weismannism.” This paper 
not only rejected the mutation-selection theory in almost the same terms as 
those of Dr. Martin’s treatise of 1956, but in a full review of the evidence in the 
literature of genetic cytology, nucleic acid was twice mentioned as playing some 
part in the processes of heredity. Though this theme of the early twentieth 
century is “dated” in some particulars, there is no more reason now than there 
was then to believe, with Sinsheimer, that “this hard-won recognition of the 
role of DNA (nucleic acid) has brought us into a new era in genetics and bio- 
chemistry. The gene, once a formal abstraction,’ he concludes, “has begun to 
condense, to assume form and structure and defined reactivity.” 

That this is wishful thinking; that there is nothing new in the evidence at 
hand today which can change the conviction that a chemical explanation of life 
can never be adduced, can be seen by comparing the two papers. So that in- 
terested readers may do so, ‘The Cytology of Weismannism” is here submitted 
for its first printing. 

To predict by extrapolation from statistical correlations is the unforgivable 
sin of biological empiricism. There are some contexts in medical practice hav- 
ing legalistic implications, where statistically “educated guesses” as to “cal- 
culated risks” form the basis of “expert” opinion used, for example, in judging 
degrees of disability and causes thereof, as in insurance payments, suits for 
damages, social “security”, veterans compensation, and the like. But in a social 
context where the results of taking chances with probability are compounded 
by a multiplier or even exponentially, as in public health policies or in the anarchy 
of foreign relations where victory or defeat in global warfare is the risk in- 
volved, its success, if any, is at best illusory and its failure catastrophic. Bio- 
logicaly and culturally Operations Research is worse than futile; it is fraudulent. 
In medical practice or research epidemiological figures can at best furnish only 
clues, never evidence that confirms any hypothesis. If the patient is going to die 
anyway—a fix in which everyone finds himself sooner or later—an experiment 
may be in order. But when the fate of a people is in the balance and survival 
is at stake, in disarmament schemes for instance, or when the health of millions 
of children is concerned with the standardizing of a vaccine, then a trust in 
statistical probability as against a laissez faire policy, can be disastrous. 

Such an error has just been courageously exposed, even in Science (May 31, 
1957), namely, the fiction of the safety of the Salk polio vaccine; nor is this the 
first Nobel Prize in medicine that has not been rescinded in the light of the piti- 
less truth as to its falsity. In this exposure of the untruths broadcast by the 
National Foundation for Infantile Paralysis, falsehoods which are plainly pro- 
claimed, there is a serious omission in failing to state the underlying occasion 
for them, to wit, the idea that the degree of probability can be scientifically 
measured in biology as in physics and make (to quote the DuShane editorial on 
dice again) “the phrase ‘calculated risk’ * * * mean something a good deal more 
precise than the ‘best guess’,” and afford a reliable basis for a public policy based 
on “appropriate statistical and epidemiological studies.” 

That hundreds of children were not paralyzed and crippled, or even killed, 
was the work, not of medical science, but of nature; for had the same children 
been vaccinated with unattenuated virus very few clinical cases would have 
developed. The probability that infection will cause the disease is so low that 
its incidence cannot be taken as a measure of the spread of the virus. Polio- 
niyelitis is a relatively rare disease; so also is leukemia. Vaccines for all such 
afflictions—and they are multifarious and but dimly classified—would burden 
the community beyond endurance if promoted as a public charity. The treat- 
ment of hog chlorea by a similarly attenuated, living vaccine has admittedly 
kept the disease active instead of exterminating it; so at long last the live 
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vaccine is being eliminated by law. It has been unjustified also in poliomyelitis, 
despite the full responsibility of the National Institutes of Health for promoting 
its use. p 

The logical fallacy of statistical biology with its reliance on correlations can 
be shown by an “anthropomorphic” analogy such as was banned from Tennessee 
public schools by law and, right now, is “scientifically” tabooed by the “positivis- 
tic” ban on “anthropomorphic extrapolations.” 

The cultural DNA of modern civilzation is plainly money. That it is 
coined from gold and other “precious” metals is as irrelevant to its value as an 
informational guide for human exchanges and consequent behavior, as is the 
forming of genes (genetic prices) from nucleotides. It is quite as absurd to 
believe that the substance of DNA must differ in its physical structure in order 
to create a man instead of a monkey, as it ever was to believe that an ovum 
is simply a small edition of an embryo and has only to grow to produce an 
adult man or monkey. 

The assertion of Dr. Glass before the Committee that something like a tem- 
plate (a “mould” or “replica’’) is involved in the embryonic developmental proc- 
ess, is just this sort of untenable belief for which there is no evidence at all. 
At fault is, basically, the treatment of “information” as a matter of signals as 
distinguished from signs or symbols with a metaphysically conditioned system 
of meaning. It is not at all necessary for the same word (or figure) to be used 
to convey the same meaning (or value); nor different words to appear when 
different meanings are conveyed. Ambiguity is rampant in language—as are 
paradoxes in mathematics. An assumption that there is a similar dialectic in 
genetics constitutes the only possible alternative for the empirical ambiguities 
which must be eliminated from science by sound reasoning from realistic 
principles. 

The composition of chromosones, genes, alleles, genomes, nucleotides—or what- 
have-you in genetic equipment—can never determine what they signify in the 
organism’s behavior and development, just as monetary units of various de- 
nominations cannot determine the real values underlying the judgments and 
eccnsequent behavior of a business community as guided by intelligence (price 
relations) ; the values are the same regardless of the prices which the number 
of dollars or pounds determines. Changing prices do distort the normal course 
of judgment and action just as ambiguity distorts the influence of speech or 
literature in behavior. The fact that it is an artifice, not a reality, that cre- 
ates the uncertainty of meaning and of biological behavior in general through 
conditioned reflexes (learned symbols) is the essence of the problem of living 
together by communicated information. There are no puns or paradoxes in 
nature’s realities. 

If a Man from Mars were to observe the number of pounds in a British pocket, 
and the number of dollars in a Canadian pocket, he would have no way of 
knowing that they differ in their value even though they look alike. So if he 
were to use Cartesian coordinates in two dimensions to correlate these num- 
bers with the energy level of observed events (behavior) related to those num- 
bers, would he be warranted in “discovering” that this graphic relation is a 
natural constant? What should he conclude if the British set up another New- 
tonian Recoinage Commission, or if an International Monetary Fund changed 
its “mind” on the proper exchange rate, so that the energy level of events de- 
parted from the previously observed, linear correlation? Should he call it a 
“spontaneous” mutation? Would not some Martian jester turn up to publish 
a report in a Saturnian Science on the rhythmic clock of Unicornus martius? 

Of Dr. Bentley Glass discovers (as he has) that the correlation between the 
traits of Homo insipiens and the number of chromosomes is not 48 after all, 
shall he conclude that all the observers who counted 48 were cross-eyed, or that 
their staining techniques were defective? Or should he conclude, with an 
ancient inscription in the Libyan Desert, that “Life is change; to cease to 
change is to cease to live’? If the nucleotides-to-be-counted with electronic 
relays when genetic chemistry gets a big enough appropriation to buy a big 
enough computer from IBM, turn out, as all such research to date has done, 
only some more negative results in the attempt to correlate their chemistry with 
their behavior in heredity, will it at long last become reasonable to agree with 
Dr. Lindegren that genes are not stable after all? Will it finally be admitted 
that his charge that the evidence of such stability has been a matter of choosing 
only data that support such an assumption, is warranted? 

The loophole in the “laws” of Mendelian inheritance as presented by the 
geneticists before this Committee, lies in their manipulation of “spontaneous” 
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cases of genetic change to avoid admitting that any of them are adaptive. 
Adaptation has been ruled out of the vocabulary of organic evolution so that 
life is today supposed to be one grand symbiotic brotherhood seeking a com- 
munistic goal in selfless abandon. Perish the thought of conflict of purposes 
acting incompatibly in a tooth-and-claw struggle, or of any innovation in sur- 
vival that has been other than the result of rare accidents in throwing genetic 
dice that are not loaded! Those big claws on Alaskan king crabs turned pink 
by our loving kindness, are purely ornamental, love-patting appendages, swords 
beaten into plow shares like atoms-for-peace in Utopia. 

The dispute in these hearings over the interpretation of data has hinged on 
the idea of a threshold as opposed to linear extrapolation, rather than on the 
evidence that has here been adduced as to the absence of biological constancy 
where genetic science has postulated it. What remains to be shown, therefore, 
is that nature consists of thresholds, not of linear correlations, and that research 
consists of discovering the status of thresholds, never in tracing imaginary linear 
relations. This would be obvious but for the linear predilections of the Euclidean 
influence in science for even in the inorganic realm of physics the field of macro- 
cosmic relations is not universal; witness phase transformations such as melting 
points and boiling points and their energy relations. A jet plane passes from 
one range of speed into another with an explosive sound as it crosses the “barrier” 
into a very different set of relations. Physical constants established by instru- 
mental measurements (as by the National Bureau of Standards), such as those 
of Hooke’s Law on the strength of materials, which are inapplicable to very 
small sizes such as exist in one of the most recent developments in solid state 
physics (metallic “whiskers”), are another example. 

In biology the operation of sensory perception, from which all knowledge 
proceeds, is replete with thresholds. The source of knowledge is the same for any 
and all of the creatures that inhabit the earth; it lies in a myriad of wave 
forms, or bands, filling all possible environments throughout the universe. But 
there are great areas of this spectral information that are extrasensory for any 
mammal. Some bands are accessible to insects but not to vertibrates; and some 
mammals such as rats, bats, cats, dogs, can sense ranges greater or less than 
other species, Man included. Some men can sense a range wider than others; 
but none can be devoid of all sensation and still live. 

Other sensations can be translated into tactual perception, as by Braille, to 
make individuals “literate”, that is, to train their reflexes for communication 
purposes in guiding behavior. In this aspect of a cultural heritage as it operates 
genetically—and genocidally—in the human struggle to survive, telecommuni- 
cation preforms transformations in and out of sensory ranges, with continual 
improvements for technically conditioned people. 

Thus science as we know it is continually extending the range of sensation and 
communication to new bands and ranges; but these new, extrasensory signals 
have to be modulated into the normal sensory ranges or thresholds before they 
can affect behavior. No possible information can be had without reference to 
these physical wave bands as they have been affected by discontinuities (things) 
in the pyhsical universe. It is because the laws governing these spectral con- 
ditions never change anywhere in eternity, so that the sequence of events they 
reveal is absolute, that time cannot be reversed or events known that have not 
yet occurred. (Cf. Anthony Standen on “Causes and Effects” in Science, May 3, 
1957, p. 900.) Thus no possible living creature can have any information avail- 
able for conditioning its reflexes (guiding its behavior) that does not rest on 
these ordered discontinuities (waves and particles), in the physical environ- 
ment, that are the source of all certainty in sensory experience. 

But if sensory equipment has its thresholds, living conditions are also narrowly 
restricted to those prevailing in the so-called biosphere. Some heat is essential; 
much more or less, is lethal, It’s a case of not crossing a threshold and getting 
too much of the good things of life; including life itself. To avoid too much or 
too little, animals have evolved sensory equipment which men are still evolving 
by mechanical instrumentation which facilitates motility and thus also serves 
predatory purposes in acquiring food. Then there are the “trace” elements, 
essential to plant growth, an excess of which is toxic. In short, there is no such 
thing as a “linear” relation between life and the elemental forms of matter and 
energy. A threshold is the very essence of life. 

Linear projections or extrapolations are a semantic fiction originating in the 
eae cee concepts that arose in the days when the earth was called flat and 
aye Ing mm geometry was worked out in terms of rectilinear and rectangular 

é _reterence, a state of affairs that still plagues the problems of solid 
- State physics. Molecular engineering, such as is characteristic of this atomic a5e, 
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cannot be conducted in these all too familiar terms. The microcosm, in short, is 
not at all a replica of the macrocosm, as it was held to be by no less a scientist 
than Thomas Huxley, father of the equally mistaken geneticist, Julian Huxley. 
This false analogy is being gradually abandoned though the layman is still 
deluded by the clutter of orbits in pictures of a now discarded concept of the 
behavior of electrons in an atom. “Shells” (energy “levels’) have become the 
“truth”; and just now there seems a prospect that “spin” will also be displaced, 
perhaps by a helical structure. The whole theory of atomic and molecular 
models seems to be in a highly fluid state of uncertainty that is semantic rather 
than realistic in character. The meaning of symbols, such as the linear repre- 
sentations of Euclidean geometry, is at stake. 

The truth about mathematical semantics seems to be that the so-called “nat- 
ural” numbers, said to be an infinite continuum, are actually unnatural in being 
a progression from an arbitrary origin (zero) in two “linear” directions. When 
they represent objective measurements of physical realities (rather than “value 
judgments” which can never be referred to any standard, subjective unit to give 
commutative character to their meaning) they are dimensional and, however 
remotely derived by instrumentation, they do form an integrated whole or system 
through reference to the ultimate unit, an arbitrary standard of length, to wit, 
the yardstick at the National Bureau of Standards. The resulting figures, called 
measurements, are always, whether “first” or last, approximations and never 
fully commensurable. 

Truly natural numbers are dimensionless; they have no quantitative meaning. 
Their field seem to be derived: from the symmetries of microcosmic, spherical 
packing which emerge into specific forms in the periodic table of elements and 
in erystalline structures. Their order, if any, is timeless and independent of 
any comparison in size and they omit all but the smallest prime numbers since 
they are exponential and are not amenable to decimal treatment. No zero, no 
signs (plus or minus), no incommensurables, approximations or probabilities, no 
statistical averages, are involved in these symmetrical realities that never 
signify values either measured or subjectively appraised. Incidentally, it is not 
true that ratios are independent of dimensional numbers. 

Assuredly, these venturesome generalizations need to be as critically reviewed 
as do the accepted conventionalities of mathematics. They are entered here 
heuristically, to suggest a clear distinction between certainty and uncertainty, 
a definitive difference between the possible and the impossible, in order to realize 
that the element of uncertainty is injected as soon as the information existing 
in the microcosm is “perceived,” that is, after the optical structure of the eye, 
for example, has detected the signals and started, not merely to amplify, but to 
“comprehend” or classify them relative to the purposive procedures implicit in 
the neural system of any animal, such as a man or an insect. From then on 
there is a degree of uncertainty paralleling the logical doubt as to the truth of 
such semantic signs as are used in communication, even by honeybees. 

There is nothing more irrational than the bland assumption that what is not 
yet known to exist must be considered not to exist, scientifically speaking. As 
Professor Ballard of Tulane University expresses this in the July, 1955, issue of 
Philosophy of Science, there is every reason to suspect that a dialectic comparable 
to human (and apian) language is “also carried on within an individual between 
distinguishable parts of his organism,” a phenomenon which obviously presents 
“metaphysical” aspects and therefore ‘problems which mechanics cannot solve.” 
Explanations which are a matter of inference by analogy, and not a matter of 
observation psychologically, thus lose their aura of mysticism and become 
scientifically anti-empirical. Rational strategy often rests, not on experimental 
verification of a suspicion (hypothesis) but on an “anthropomorphic” inference 
or belief that all behavior derives from communicated intelligence ; subconscious 
action (instinctive) is not altogether mechanistic or free from awareness, not 
even in hereditary phenomena. 

So meaning in communication is metaphysically incorporated and only approxi- 
mately true at “best”, while at “worst” (these antitheses are reversible in their 
“value” judgment, depending on whose ox is being gored) it is deliberately 
deceptive in its strategy, even though only by the “humor” of a pun. The living, 
purposeful organism has to learn not to be naive but to correct such illusions 
as that of the asymptotic approach in the perspective of distance or that of 
change in the pitch of a sound as its source moves past to create a “Doppler 
effect.” 

’ Dr. Schweitzer to the contrary notwithstanding, John Gunther’s medical 
treatise on cancer and death is grounded on falsehood; for it is Life, not Death, 
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that needs to “Be Not Proud!” Immortality is impossible. Racial survival is 
possible, but not certain. Indeed, it too is impossible if all life—all mankind—is 
to be the objective. A Communistic Utopia is entirely outside the pale of any 
Creation except that of a demagogic imagination. Humility toward our com- 
petitors (our “fellow men”) can only be hypocritical. Only the Creator (if any; 
we can never know), or better the actual order of the universe (which is not 
beneficent but is the very paradigm of neutrality) can be an object of respect and 
faith on the part of any moral culture seeking a political order not grounded on 
the personal discretion of leadership (der Feuhrerprinzip) in determining its 
blindfolded justice. 

Occasionally the life of the individual can and must be treated with the utter 
sang froid of statistical probability and war, for it is always subordinate to the 
higher order that can be immortal. We can be legally exempt from taxes, but 
not from death. The termination of the life cycle can only be postponed, even 
by “Atoms in Our Future,” the pleasant author of this pleasant prophesy, Senator 
Anderson, to the contrary notwithstanding. Men may be blessed with “travel out 
among the stars” and “pushbutton weather” (which is not altogether lacking 
even in New Mexico without benefit of atomic energy). But any promise of “even 
eternal life” is out of the reach of either man or God or, even, of the Positivism 
of such “science” as that which Sir George Thompson has set forth ex cathedra 
in his “The Foreseeable Future.” 

In her youth Lily Pons popularized “I Dream Too Much!” Perhaps her 
vibrant voice could yet teach it to Sir George and the prophetic Senator and 
persuade them and their sycophants in science to think in terms of thresholds 
rather than extrapolations. 
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, Radiation damage to the genetic material. In Science in progress. 
New Haven, Yale University Press, 1951. pp. 93-165, 481-493. 
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at Bikini Atoll, 1954. In research in the effects and influences of the nuclear 
bomb test explosions, Tokyo, Japan, Society for the Promotion of Science, 
1956. p. 895. 
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Gene mutations caused by radiation, by H. J. Muller, pp. 296-332. 
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TECHNICAL PERIopIcAL ArTICLES, UNITED STATES 
GENERAL SCIENTIFIC ARTICLES 


A-blasted food supplies; foods containing phosphorus and sodium chloride as 
permanently radioactive. Chemical and engineering news, v. 34, October 
29, 1956: 5244 f. 

After the fall-out is over. Chemical week, v. 76, March 26, 1955: 72 f. 

Amphlett, C. B. Behavior of radioactive contamination in the ground. World 

crops, v. 9, March 1957: 112-115.. aq : 

Examines the role of the soil in limiting the spread of contamination. 

. Soil chemistry and the uptake of fission products. Research (London), 
v. 8, 1955: 335-340. ; 

Traces the likely fate of radioactive contamination from an atomic bomb 
explosion or a nuclear reactor accident according to the nature of the ground 
contaminated, and discusses possible treatments of contaminated land. 

Anderson, E. C., and others. Radioactivity of people and foods. Sciences, 
v. 125, June 28, 1957: 1273-1278. 

Andrews, Howard L. Radioactive fallout from bomb clouds. Science, v. 122, 
September 9, 1955: 453-456. 

General discussion of radioactive fallout in the vicinity of nuclear detona- 
tions, including mechanics of formation, amount of activity, etc. Discusses 
maximum permissible levels of gamma. radiation for test series, estimates 
dosages near test site under certain assumptions. Discusses beta burn 
hazard and danger from retention of particles in lungs. Concludes only 
particles from 0.5 to 5 micron diameter are potentially hazardous to lungs, 
and fraction in this size range will be small. Also discusses long-lived fall- 
out and potential hazard from Sr-90 and genetic effects. Concludes weapon 
testing program justified by defense effort and that radiological hazards have 
been minimized under the well-controlled conditions of weapon testing. 

Answer sought to fallout hazards. Chemical and engineering news, v. 33, 
April 25, 1955: 1774. 

Baker, W. K., and Von Halle, E. Production of dominant lethals in drosophila 
by fast neutrons from cyclotron irradiation and nuclear detonations. Sci- 
ence, v. 119, January 1, 1954: 46-49. 

Bell, Carlos G., and others. Passage of nuclear detonation debris through water 
treatment plants. Journal of the American Water Works Association, v. 46, 
October 1954: 973-986. 

After nuclear detonations, 2,200 samples taken from 3 water plants, were 
measured for beta-gamma radioactivity; within 2 weeks after detonation 45 
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percent of fallout radioactivity passed. through rapid sand filtration plants; 
from 2 to 10 weeks after detonation, percentage increased to 53 percent, and 
10 weeks after detonation all radioactivity passed through plant. 

Blifford, Irving H. Collection of atomic bomb debris from the atmosphere by 
impaction on screens. Science, v. 123, 1956: 1120-1121. 

and Rosenstock, Herbert B. Fallout dosages at Washington, D. C. 

Science, v. 128, 1956: 619-622. 

Buckthought, K. Radioactivity and the hydrogen bomb. Canadian chemical 
processing, v. 88, April 1954: 78 ff. 

Burnett, T.J., and Hatch, T. F. Estimating airborne radioactive particulate 
hazards—a review of sampling criteria. American Industrial Hygiene 
Association Quarterly, v. 17, March 1956: 85-88. 

Methods for sampling airborne radioactivity are reviewed and evaluated. 

Campbell, Charles. Radiostrontium fallout from continuing nuclear tests. 
Science, v. 124, November 2, 1956: 894-895. 

Carter, T. C. Genetic problem of irradiated human populations. Bulletin of 
the atomic scientists, v. 11, December 1955: 362-363. 

Caster, W. O. Strontium-90 hazard: relationship between maximum permissible 
concentration and population mean. Science, v. 125, June 28, 1957: 1291. 

Chow, Tsaihwa J., and Thompson, Thomas G. Flame photometric determination 
of strontium in sea water. Analytical chemistry, v. 27, January 1955:18-21. 

Clark, H. M. The occurrence of an unusually high-level radioactive rainout in 
the area of Troy, N. Y. Science, v: 119, May 7, 1954: 619-622. 

Thirty-six hours after detonation of a nuclear bomb at the Nevada Proving 
Ground, an unusually violent electrical storm hit Troy, N. Y., 2,300 miles 
distant. The storm left in its wake an exceptionally high, though not 
hazardous, deposition of radioactive material. 

Clark, Stanley H. Genetic radiation exposures in the field of medicine. Bulletin 
of the atomic scientists, v. 12, January 1956: 14-18. 

Cohn, 8. H., and others. Nature and extent of internal radioactive contamination 
of human beings exposed to fallout material in Operation Castle. Radiation 
research, v. 3, October 1955. Presented before the Radiation Research 
Society, New York, May 16-18, 1955. 

The first instance of exposure of human beings to significant internal con- 
tamination with fission products occurred as a result of the ingestion and 
inhalation of fallout material from a nuclear detonation in the spring of 1954, 
An evaluation of the nature and extent of these internal radioelements ex- 
creted by the exposed human beings with data obtained from radiochemical 
analysis of the tissues and excreta of animals contaminated in the same 
event. 

Cole, L. C. Biological clock in the unicorn. Science, y. 125, May 3, 1957: 
874-876. . 

Comar, C. L., and others. Thyroid radioactivity after nuclear. weapons tests. 
Science, v. 126, July 5, 1957: 16-18. 

Conger, Alan D. The relative biological effectiveness of radiation from a nuclear 
detonation on tradescantia chromosomes. Science, v. 119, January 1, 1954: 
36-42. 

Tests at Oak Ridge on the flowering plant tradescantia to determine quanti- 
tative relation between radiation dose and biological effects of radiation result- 
ing from nucledr’ detonation. 

Coven, A. W. Evidence of increased radioactivity of the atmosphere after the 
atomic bomb test in New Mexico. Physical review, v. 68, 1945: 279. 

A G.-M. counter and circuit (Rev. Sci. Instr. 13, 188 (1942)) was tested 
for background count near Annapolis, on July 12, 14, 15, 19, August 16 and 
October 31-November 3, all in 1945. The background count was 5.5 per 
minute. On July 16-18 the background count was 6.3, 7.7, and 10.7 per 
minute, respectively. 

Cronkite, Eugene P., and others. Biological effect of atomic bomb gamma 
radiation. Science, v. 122, July 22, 1955: 148-150. : 

Mice were exposed to atomic bomb radiation at 28 stations no both sides 
of the established L. D. so distance to compare the biological effect with that 
produced by laboratory gamma and X-radiations. At doses up to 620 r, 
mortality was consistently at 3 percent but above this dosage, mortality 
increased rapidly to 950 r, which. was approximately the absolute lethal dose. 
The established L. D. 5 was 759 r.. The relative biological effects of X-ray 
to bomb radiation closely approached unity. 
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Cronkite, Eugene P., and others. The characteristics of fallout material and the 
effects of fallout radiation on human beings. Radiation research, v. 3., 
No. 2, 1955. Presented before the Radiation Research Society, New York, 
May 16-18, 1955. . 

“Si beings were accidentally exposed to fallout radiation commencing ~ 
approximately 5 hours after explosion of a large nuclear device. ‘The fallout 
material was visible (snowlike). It contaminated skin, clothes, and sur- 
roundings, producing skin lesions, whole-body effects, and internal deposition 
of small amounts of radionuclides. Whole-body exposure occurred at four 
levels: 175 r, 78 r, 69 r, and 14 r midline dose of radiation. __. 

Damon, P. E. and Kuroda, P. K. Artificial radioactivity of rainfall. Nucleonics, 
v. 11, December 1953: 59. 

Fission products found in rain water during the period June 5—July 23, 
1953, correlated with the origin of the prevailing air mass. The total fission 
activity fallout in the vicinity of Fayetteville, Ark., during this period was 
in excess of 10-8 curies per square mile. ' 

Disposal and dispersal of radioactive wastes. Science, v. 124, July 6, 1956: 
17-19. Part of National Academy of Sciences report. 

Dunn, L. C. Radiation and genetics. Scientific monthly, v. 84, Jan. 1957: 
6-1 


Dunning, Gordon M. Effects of nuclear weapons testing. Scientific monthly, 
v. 81, December 1955: 265-270. 

Presents a summary of blast, thermal and radiation effects of atomic 
testing. Discusses internal radiation hazard from radioactive iodine, stron- 
tium and carbon hazard from contaminated foods. Concludes hazard neg- 
ligible to date.. Discusses genetic effects and possible increase in mutations. 
Computes the average radiation exposure to people in the United States from 
all nuclear detonations to date is 0.1 roentgen. Discusses possible effects on 
weather and nitric acid formation and concludes effect is negligible. 

Thyroid dose from radioiodine in fallout. Nucleonics, v. 14, 1956: 
1 





8-41. 

Eisenbud, Merril. The AEC fallout monitoring network. Journal of the Air 
Pollution Control Association, v. 6, November 1956: 144-146. . 
Global distribution of strontium-90 from nuclear detonations. Scien- 

tific monthly, v. 84, May 1957: 237-244. . 
Monitoring network for measuring radioactive fallout. Journal of the 
American Water Works Association, v. 48, 1956: 659-664. 

The basic mechanics of radioactive fallout are discussed. ‘The principal 
isotopes are listed, collection stations are tabulated, and methods of analysis 
are briefly outlined. The isotope Sr® is considered the constituent of prime 
biological significance. 
and Harley, JohnH. Radioactive dust from nuclear detonations. Science, 
v. 117, February 13, 1953: 141-147. 

A network of 121 monitoring stations has been established in the United 
States to collect airborne and settled dust samples for radioactive assay. 
The results from 30,000 samples collected in conjunction with the 8 detona- 
tions in Nevada between April 1 and June 4, 1953, are given. For brief 

eriods following an explosion the radioactive background can be increased 
in distant areas by fallout of airborne dust. 
and Harley, John H. Radioactive fallout in the United States. Science, 
v. 121, May 18, 1955: 677-680. 

Summarizes fallout in the United States from early in 1951 through 1954. 
Accumulated fission product activity in the United States, exclusive of the 
area within 200 miles of the Nevada test site, was 61 millicuries per square 
mile. Gamma radiation from this is of the order of 0.0010 mr/hr compared 
with normal background of 0.005 to 0.05 mr/hr. Measuring technique 
detects increase of 10-8 roentgens per hour, natural background 5 x 10-° to 
5 x 1075 r/hr. 

_and Harley, John H. Radioactive fallout through September 1955. 

_ Science, v. 124, August 10, 1956: 251-255. Bibliography. 

Eliassen, Rolf and Lauderdale, Robert A. Radioactive fallout in water supply 
at Portland, Maine. Journal of the American Water Works Association, 

v. 48, 1956: 665-670. 
This work was done to determine any radioactive increase following atomic 
weapons tests during 1955. Nine objectives are outlined. Analytical pro- 
cedures are listed, and the results discussed. Materials of all kinds were 
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-) found. It was found that Sr in the tap water could be increased by a 
factor of about 70,000 before exceeding the limits specified by the National 
- Bureau of Standards. 
Fafarman A. and Shamos, M. H. Effect of fallout from atomic:blast on back- 
ground counting rate. Nucleonics, v. 11; June 1953: 80-81. 
Background measurements with a sodium-iodide scintillation detector at 
New York University show normal variation of +5-percent. At 1030, 
March: 19, 1953, the rate increased to 3850 cpm, 600 percent above back- 
_ ground. A heavy rain preceded the measurement and presumably contained 
debris from the March 17 Nevada test. Removal of rainwater dropped rate 
to 1470 cpm, Curves of energy versus count before and after fallout are 
given. 
Fallout detector. Military review, v. 35, March 1956; 69. 
Failout; new H-bomb peril? _ Chemical and engineering news, v. 33, February 28, 
1955: 842-843. . 
Fallout warning signal blankets United States. Signal, v.10, March-April 1956: 
70 


Fearson, R. E., and others. _ Results of atmospheric analyses done at Tulsa, Okla., 
during the period neighboring the time of the second Bikini atomic bomb 
test. Physical review, v. 70, October 1 and 15, 1946: 564. 

Radioactive concentrates were prepared from the atmosphere. Data of 
July 26 and August 30, 1946, represent the active deposits of Rn and Tn. 
The data of July 28, based on two samples with initial intensities of ~5 x 10-1 

- curie, are explained by assuming that the concentrate is the active deposit 
- of a new rare radioactive gas of at. No. 86, with a halflife of 82 min.; it cor- 
responds with at least two members of an unreported radioactive series. 

Fields, P..R., and others. Transplutonium elements in themonuclear test debris. 
Physical review, v. 102, 1956: 180-182. | 

The isotopes of curium, berkelium, and californium found in the ther- 
monuclear debris of the November 1952 thermonuclear test are discussed. 
The instantaneous buildup of the heavy elements in the thermonuclear 
device is compared with the buildup during pile irradiation. The alpha- 
particle energy (5.4 Mev) and the spontaneous fission half-life (<(1.2 x 10’ 
years) of Cm*4* are reported. The spontaneous fission halflife of Cf? was 
found to be 55 days. No other mode of decay was observed for this isotope. 

Genetic effects of atomic radiation. Science, v..123, June 29, 1956: 1157-1164. 

Text of the summary report of the Committee on Genetic Effects of Atomic 
Radiation, one of six reports prepared for the Study of the Biological Effects 
of Atomic Radiation by the National Academy of Sciences. 

Genetics and the atom, Bulletin of the atomic scientists, v. 11, November 
1955: 314-348. 

- Issue contains an editorial on genetics in Geneva, glossary of genetic 
terms and articles on the subject. 

Greenfield, S. M. Ionization of radioactive particles in the free air. Journal of 
geophysical research, v. 61, 1956: 27-33. 

In order to evaluate the possible role of radioactive particles from an 
atomic cloud as condensation nuclei, an analysis has been made to determine 
their degree of ionization. Individual radioactive particles become ionized 
owing to 6-emission, and an estimate of the half-life of these ions has been 

- made for various times in the life history of an atomic cloud. It is concluded 
that while there is a transient charge on these particles, its half-life is small 
compared to the disintegration rate, with the result that for all practical 

' purposes radioactive particles in the free air are not necessarily preferred 
condensation nuclei. 

Rain scavenging of radioactive particulate matter from the atmosphere. 

_Journal of meteorology, v. 14, April 1957: 115-125. 

Hahn, Richard B. and Straub, Conrad P. Determination of radioactive stron- 

tium and barium in water. Journal of American Water Works Association, 
_. v.47, April 1955: 335-340. 

Haldane, J. B. S. Genetical effects of radiation from products of nuclear explo- 
sions. Nature, (London) v. 176, July 16, 1955: 115. 

The serious nature of genetical effects of radiation is argued. Upper and 
lower limits of radiation-induced human mortality are estimated. 
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Harris, D. Lee. Effects of atomic explosions on the frequency of tornadoes in the 
United States. Monthly weather review, v. 82, December 1954: 360-369. 

The increase in tornadoes reported in the United States during the past 
few years is ascribed to better reporting procedures rather than the presence 
of atomic debris. Maps showing the distribution of fallout in the United 
States during the first and second halves of May 1953 are given. 

Harris, William B., and LeVine, Harris D. Sampling and measurement of radio- 
active atmospheric pollution. Proceedings of the Air Pollution Control 
Association, 1953: 17-21. 

Apparatus is described for continuously monitoring the alpha and gamma 
radiation from stack effluents. A storage-battery-driven dust collector ean be 
used to collect dust away from power sources. An adchesive-coated film can 
be used to collect ‘‘fallout,’’ at a distance from the source. An apparatus is 
shown for collecting samples nearer the source of contamination by the use of 
impactors, cyclones, ete. 

Harris, D. Lee. Effects of radioactive debris from nuclear explosions on electrical 
conductivity of lower atmosphere. Journal of geophysical research, v. 60, 
March 1955: 45-52. 

An increase in the ionization near the ground due to the fallout from a 
radioactive cloud formed by a nuclear explosion will increase the conductiv- 
ity and lower the potential gradient in the lower atmosphere. Records of 
atmospheric conductivity and potential gradient from the Tucson Magnetic 
Observatory are compared with records of the deposition of atomic debris on 
the ground following the Nevada tests. . 

Herzog, G. Gamma-ray anomaly following the atomic bomb test of July 1, 1946. 
Physical review, v. 70, 1946: 227-228. 

A recording gamma-ray meter (in Houston, Tex.) indicated a peak in 
atmospheric gamma rays, from 8 p. m., July 4 to 7 p. m., July 5, with a 
maximum at 3 a. m., July 5. The maximum increase was 77 percent of the 
background count. j 

Heslep, J. M., and Bellamy, A. W. Sampling for airborne radioactivity. Air 
repair, v. 5, May 1955: 1-4. 

Potential sources of radioactive aerosols are discussed, and special atten- 
tion is given to widespread contamination as might be expected from atomic 
weapons. ‘There is no perfect sampling method, but rather good results have 
been secured by use of con. vacuum cleaners and Hollingsworth and Vose 
H-70 filter paper. Particle-size determinations are best made by the cascade 
impactor—this gives good characterization of particle size down to 0.3-0.6 yu 

Hess, Victor F. and Luger, Paul. The ionization of the atmosphere in the New 

ork area before and after the Bikini atom-bomb test. Physical review, 
v. 70, 1946; 564-565. 

From June 29 through July 10, 1946, no atmospheric ionization due to the 
atomic bomb was observed. 

Hollaender, Alexander. Modification of radiation response. Bulletin of the 
atomic scientists, v. 12, March 1956: 76-80. 

Holzman, B. The effects of atomic bomb explosions on weather. Weatherwise, 
v. 4, February 1951: 3-4 f. 

Holter, N. J. and Glasscock, W. R. Tracing nuclear explosions. Nucleonics, 
v. 10, August 1952: 10-13. 

Airborne radioactivity precipitated in rain and snow has been measured 
by counter observations on samples concentrated by evaporation or filtration 
through cotton. A maximum half life of 10.6 hours (Pb?!2) is associated 
with natural atomspheric activity. A number of samples collected (at 

. Helena, Mont.) revealed activities of much longer decay periods. These 
are attributed to atomic explosions in Nevada and Russia. It is considered 
possible to assign a date to the occurrence of the explosion from observations 
of the decay curve. 

Humphrey, Andrew J. Radiation injury: a technical and legal survey. Cleve- 
Jand— Marshall law review, v. 6, May 1957: 171-188. 

Examines the relations between various types of radiation as to sources 
and effects. 

Hunter, H. F. and Ballou, N. E. Fission-product decay rates. Nucleonics, 
v. 9, November 1951: C-2-C7. 

Jaffee, Gilbert, and others. Radioactive hailstones in the District of Columbia, 
May 26, 1953. Bulletin of the American Meteorological Society, v. 35, 
June 1954: 245-249, 
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At 2030 Greenwich civil time on May 26, 1953, hailstones ranging to the 
size of tennis balls fell in the District of Columbia, 29 hours after an atomic 
test in Nevada. Activity of 620 c/m as compared to a background of 20 c/m 
was measured in the stones. Meteorological analysis and decay curves 
confirmed the origin of the radioactivity as being from the atomic test. 

Kellogg, D. A.. Atomic defense in oil refinery. Petroleum engineering, v. 27, 
October 1955: C6-C8. 

Methods of preventing continuous effects of radioactive fallout. 

Kellogg, W. W., and others. Close-in fallout. Journal of meteorology, v. 14, 
February 1957: 1-8. 

Keosian, John. Speculation on hazards of exposure to radiations. Science, 
v. 122, September 30, 1955: 586-587. 

Question of maximum tolerance dose of radiation for man has not been 
satisfactorily determined. It may turn out that all high energy radiation, 
even of low intensity and brief duration must be considered as potentially 
dangerous to the exposed individual. 

Kilcawley, E. J. Measurement of radioactive fallout in reservoirs. Journal of 
the American Water Works Association, v. 46, November 1954: 1101-1111. 

An extensive survey of radioactivity in the Troy, Albany, Schenectady 
water supply system was made in an investigation following the heavy 
rainout which occurred in that area on April 26, 1953. Samples of water, 
soil, algae, plants, etc., were measured for radioactivity. Decay rates, 
effectiveness of filtration, rate of disappearance, etc., were studied. The 
general contamination of the ground at arrival time was luc/ft*. Surface 
water at Rensselaer Polytechnic Institute, Troy, N. Y., had 2.7 x 107? 
puc/ml. Measurements were also made for subsequent bursts. Corrected 
to time of rainout, highest rainwater activity was 25.0 uwuc/ml on June 9, 
1953. Highest stream samples, 0.10-.13 puc/ml. Alpha activity of same 
samples was also investigated. 

Kirby-Smith, J. 8S. and Swanson, C. P. The effects of fast neutrons from a 
nuclear detonation on chromosome breakage in tradescantia. Science, 
v. 119, January 1, 1954: 42-46. 

Physical determination of the fast neutron dose in nuclear explosions; 
supplementary experiments to those of Conger. 

Krumholz, Louis A. Observations of the fish population of a lake contaminated 
by radioactive wastes. Bulletin of the American Museum of Natural 
History, v. 110, article 4, 1956: 281-367. 

Kulp, J. Laurence, and others. Strontium-90 in man. Science, v. 125, Feb- 
ruary 8, 1957: 219-225, 

To determine amount of radioactive strontium in human bones today, 
three scientists from Columbia University analyzed about 500 autopsy 
samples obtained from 17 stations in a worldwide network. Concludes that 
if bomb tests continue at their present rate the average worldwide concen- 
tration in 1970 will be 4 to 8 micromicrocuries of strontium—90 per gram of 
calcium. The upper figure approaches the significant level established by 
the British Medical Council in its June 1956 report. 

Lacassagne, A. The risks of cancer formation by radiations. Bulletin of the 
atomic scientists, v. 13, April 1957: 135-136f. 

Langham, Wright H., and Anderson, F. C. Strontium—-90 and skeletal forma- 
tion. Science, v. 126, August 2, 1957: 205-206. 

Lapp, Ralph E. Strontium-90 in man. Science, v. 125, May 10, 1957: 933-934. 

Commentary on Kulp article in Science, February 8, 1957. 

Reply by Kulp and others: 934. 

Lewis, E. - Leukemia and ionizing radiation. Science, v. 125, May 17, 1957: 
965-972. 

Discusses incidence of leukemia in Hiroshima and Nagasaki, also cases 
among radiologists. Applied to radiostrontium exposures. 

Libby, Willard F. Current research findings on radioactive fallout. Proceedings 
of the National Academy of Sciences, v. 42, December 1956: 945-962. 

Speech given before American Association for the Advancement of Science, 
October 12, 1956. 

. Dosages from natural radioactivity and cosmic rays. Science, v. 122, 

July 8, 1955: 57-58. | 

ict Srored in Congressional Record (Daily ed.) July 14, 1955: A5165- 

166. 
. Genetic effects of atom bombs. Metal progress, v. 68, October 1955: 
130-131. 
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Libby, Willard F. Radioactive strontium fallout. Proceedings of the National 
Academy of Sciences, v. 42, June 1956: 365-390. ; 

Based on a speech given before Annual General Meeting of the American 
Philosophical Society, April 20, 1956. 

Hazards from Sr deposited in fallout following nuclear explosions are 
reviewed. Strontium® is of particular interest among the fission products 
because of chemical similarity to Ca, an average life of about 40 years, and 
a low rate of skeletal elimination. ‘The maximum permissible average con- 
centration of Sr in the adult skeleton is calculated to be 1yuc/1,060 gm of Ca. 

Data are summarized on Ca, Sr, and Sr concentration in samples of soil, 
animal, and plant material collected throughout the world before and after 
the thermonuclear explosions during Operation Castle. A Sr® fallout prob- 
ably derived from megaton weapons are nearly uniform over the world except 
for local effects due to rainfall variations and to fallout from submegaton 
weapons, was found to occur at least 1.7 years after the megaton test series, 
The average world-wide Sr fallout rate in the fall of 1954 and the spring 
and summer of 1955 was 1.2 mc/mi?/yr. An estimate is presented of fallout 
rate of Sr® to be expected from weapons tests up to and including the Castle 
series. Factors influencing the transfer of Sr® from soil to plants, to animals 
and milk produced by them, and finally to the human skeleton are discussed. 

Lieberman, Joseph A. pepe of radioactive wastes—a growing problem. 
Civil engineering, v. 25, July 1955: 44-47. . 

List, Robert J. On the transport of atomic debris in the atmosphere. Bulletin 
of American Meteorological Society, v. 35, September 1954: 315-325. 

Describes results of 91 gummed paper and 51 air filter monitoring stations 
in the United States during Nevada tests in the spring of 1952. Detailed 
meteorological trajectories of each of the bursts of the series are given, to- 
gether with a discussion of the meteorological aspects of transport and fall- 
out. Excluding area within 200 miles of test site, highest gummed paper 
fission product beta activity was 810° d/m/ft?/day at station 330 miles 
from test side. At distances over 2,000 miles, maximum activity was 
1.7X 10° d/m/ft?/day, on sampling day.. The two highest air filter activities 
were 1.3105 and 6.8103 d/m/meter®. Detailed discussion of fallout from 
3 of the 8 bursts given, with daily maps showing isolines of activity and 
areas of precipitation for several days following the bursts. 

On the transport of atomic debris in the atmosphere. Journal of the 
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magnitude of the bombs at such a great distance from the explosion. 

Poyce, M. H. L. Global thermonuclear explosions are impossible. Discovery 
(Norwich, England) v. 16, December 1955: 495-497. . 

Some people are afraid that a thermonuclear explosion might set off a 
reaction in the earth’s crust and in the seas, resulting in the earth’s destruc- 
tion. The author of this article attempts to show why this is not possible, 

Radiation hazards. Lancet (London), v. 270, June 23, 1956: 999-1000. 

Radiation hazards of experimental nuclear explosions. British medical journal 
(London) No. 4916, March 26, 1955: 775-776. 

Read, John. The approach of the physicist to radiation biology. Physics in 
medicine and biology (London) v. 1, January 1957: 209-224. 

Rotblat, Joseph. The hydrogen-uranium bomb. Atomic scientists journal 
(London) v. 4, March 1955: 224-228. 

This British scientist feels that the various bombs that have been de- 
tonated throughout the world have resulted in more dangers from radio- 
activity than officials admit. He believes that genetic aberrations may well 
result from present radioactivity in the atmosphere. 

Sevitt, S. The bombs. Lancet, v. 269, July 23, 1955: 199-201. 

. The case of Mr. Kuboyama; a clinical and pathological study of the 
first brig of the atomic bomb. Medical world (London), v. 84, May 1956: 
385-390. 

Spiers, F. W. Radioactivity in man and his environment. British journal of 
radiology (London), v. 29, August 1956: 409-417. 

and Haldane, J. B. Genetical effects of radiation from products of 
nuclear explosions. Nature (London) v. 177, February 4, 1956: 226-227, 

Relative radiation dose-rates to man and to Drosophila are discussed. 
Data previously presented by Prof. J. B. 8. Haldane on the genetical effects 
of radiation resulting from nuclear explosions are reviewed. A reply from 
Professor Haldane presents revised calculations of radiation dose rates. 

Stanford, R. W., and Vance, J. The quantity of radiation received by the re- 
SP fea organs of patients during routine diagnostic X-ray examinations. 

ritish journal of radiology, v. 28, May 1955: 266-273. 
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Strontium-90 in man. (Letters to the editor.) British medical journal, issue 
5024, April 20, 1957: 943-944. 

Strontium-90 in man. British medical journal issue 5021; March 30, 1957: 
752-753. | . 

Sutton, G. Thermonuclear explosions and the weather. Nature (London) v. 175, 
February 19, 1955: 319-321. 

Available evidence points to conclusion that atomic tests cannot be held 

responsible for any worldwide extremes of weather encountered in 1954. 


FRENCH 


Abribat, Marcel and Pouradier, Jacques. Evolution of the amount of artificial 
radioactive elements in the atmosphere of Paris. Comptes rendus, v. 237, 
1953: 1233-1255 (in French). $j Te 

The 6-activities of airborne dust particles, rain waters, and natural waters 
were assayed daily between January and September 1953. The dust-particle 
activity showed 2 maximum March 24—June 25 and August 30-September 17, 
which probably resulted from atomic explosions in the United States and 
Russia, respectively. Rainwater activity gave only the earlier maximum 
while no changes in the activity of natural waters were found. 

, and others. Artifieial radioactivity in rainwater of the Paris area. 

Comptes rendus v. 234, March 10, 1952: 1161-1163 (in French). 

Considerable radioactivity. was observed 8-15 days after the explosion of 
atomic bombs in Nevada. 

— . Evolution of atmospheric. radioactivity in Paris region. 

Comptes rendus v. 240, 1953: 2310-2312 (in French). 

Daily measurements of radioactivity have shown the passage of many 
atomic clouds, and particularly the series of explosions in the United States 
of America and Russia, while those in the Pacific and Australia have been 
identified in Milan. For the Australian explosion in October 1953 there was 
no radioactive increase in the air in the Paris region, while for the Pacific 
explosion there were measurable fluctuations but very feeble. For the 
Russian explosions in August 1954 the fluctuations were much greater than 
for the Pacific ones. 

———-— and others. On the artificial radioactive products present in the atmos- 
phere in the region of Paris. Comptes rendus hebdomadaires des séances 
de |’ Académie des Sciences (Paris) v. 235, July 16, 1952: 157—159(in French). 

The radioactivity of solid matter in rain water and air collected near Paris in 
November 1951, and in April and May 1952, follows the same decay law as 
that observed for fission products after a nuclear detonation in Nevada in 
November 1951. ' 

Besson, A. and Pelletier, J. Radioactivity and air pollutions. Eulletin de 
ae Nationale de Médecine (Paris), par. 140, January 24-31, 1956: 

Bouquiaux, J. Jonizing radiations and public health problems. Archives 
Belges de médecine sociale, hygiéne, médecine du travail et médecine légaie 
(Brussels). v. 14, May 1956: 230-268 (in French). 

Garrigue, Hubert. The abnormal radioactivity of the atmosphere. Comptes 
rendus, v. 285, 1952: 1489-1499 (in French). 

Further measurements on the radioactivity of the atmosphere near Puy de 
Dome are tabulated. The activity in April 1952 with a mean life of 25 hours 
was ascribed to the complex particles A. In June 1952 an activity with a 
mean life of 100-400 hours was attributed to the previously observed A” 
particles. The activity associated with the A” particles was also observed 
in the soil and air, 

———. Atmospheric rad-oactivity of atomic origin. Comptes rendus, v. 237, 
November 16, 1953: 1232. 

_, Aircraft measurements in October 1953, show at most, traces of radioactiv- 
ity. Snow sample (7 kg) on November 8, 1953, yielded 0.1 x 10-18 curies/cm 3 
(radon equivalent) in the residue, about 20 percent above background. 
Only 6—activity was found, 

———. Atmospheric radioactivity of atomic origin. Comptes rendus, v. 240, 
January 10, 1955: 178-180 (in French). 

An improved collector has been installed in the aerial laboratory, but in 
recent months little activity caused by atomic explosions has been detected. 





———— 
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Garrigue, Hubert. Establishment of a flying laboratory and the improvement of 
apparatus for the study of weak radioactivity in the atmosphere. Comptes 
rendus, v. 230, June 26, 1950: 2279-2280 (in French). ; 

Describes in general terms the equipment of a plane to measure the radioe- 
activity of the air. The first flight, on May 18, 1950, showed a high concen- 
tration of natural activity and a measurable amount of activity of unknown 
origin with a long half-life. 

Fresh outbreak of activity of atomic origin in the atmosphere. Comptes 

rendus, v. 240, 1955: 1453-1455 (in French). 
During the period December 1954 to February 1955 values of the order of 

1 B-emitting atom per cm? of air have been obtained for observations on the 
- ground‘and in the air in Puy de Déme region. 

The invasion of radioactive air of atomic origin and its influence on 
atmospheric precipitation. Comptes rendus, v. 232, March 5, 1951: 1003- 
1004 (in French). anes . ; 

' Reports on aircraft observations in June 1950 and in January and February 

1951. On February 38, 1951, at 4,100 meters, a maximum concentration of 
~' 0.15 X 1078 curies/em* radon equivalent of material of 30-50 hour apparent 
half-life. Attempts to show that precipitation cleanses the tropospheric air. 
. Observations on the impurities in free air. Comptes rendus, v. 236, 
1953: 2309-2311 (in French). 

Results of analysis of atmospheric radioactivity and pollution from meas- 
urements on free air and on atomic precipitation. (snow) at heights from 
ground level to the summit of the Puy de Déme (1450 m) during January- 
February 1953. The radioactivity was probably of distant origin (from 
nuclear fission explosions); the dust and soot of local origin. 

—. On the radioactivity of the atmosphere. Comptes rendus, v. 228, 

May 16, 1949: 1583-1584 (in French). | 

A radioactive substance with a half-life of 25 hours was detected in aircraft 
flights at about 6,000 meters in the summer of 1946 and again, in much weaker 
concentration, in the summer of 1948. Highest value reported, August 1, 
1946, at 6,000 meters, 2.0 X 1078 curies/em’. Observations at Puy-de- 
Déme, 1,500 meters, gave no definite positive results. Speculation that 
material is from Bikini tests or possibly of meteoric or cosmic ray origin. 

———. Prospecting the radioactivity of the air. Comptes rendus, v. 237, 
October 12, 1953: 802-803 (in French). 

Measurements aboard an airplare (3,000 meters altitude) indicated a 
sudden influx of radioactive particles ‘‘A’”’ with a mean life of 25 hours on 
August 8 (traces) and, in appreciable amounts, on August 15, 28, and 
September 5, 1953. The maximum of intensity of about 0.1 x 10-8 equivalent 
curie of Rn activity/cc. probably prevailed around August 15. No activity 
could be detected prior to these dates in air or in snow on the summit of 
Puy-de-Déme (1,460 meters), nor did the evaporation of hail (collected on 
the ground), precipitated during a ‘“‘microcyclone,” which occurred on 
August 8, disclose any abnormal activity. 

. Radioactivity of the atmosphere of atomic origin. Comptes rendus, 

v. 237, 1953: 1232-1233. ; 

Recent measurements at the summit of Puy-de-Déme indicate the radio- 
activity of the snow may be attributed to atomic explosions. 

. Research on atmospheric radioactivity. Comptes rendus, v. 238, 1954: 

2074-2075 (in French). 

In flight at 2,800 meters, traces of radioactive particles were gathered 
by means of a corona effect similar to that of Sella, and of long period, on 
April 24, 1954. At Puy-de-Déme (1,465 meters) after a fall of rain and 
snow on May 3-4, 1954, samples of the fallen residue showed very feeble 
radioactivity of period 10 days or more. This radioactivity of the airborne 
particles was independent of their probable natural electrical charge and 
mobility and was indicative of an atomic cloud. - 

——. Researches in radioactivity at the top of Puy-de-Déme. Comptes 
rendus, v. 233, December 3, 1951: 1447-1448 (in French). 

Snow collected at Puy-de-Déme which fell on November 19-20, 1951, 
showed f-activity about 43 percent above background with an apparent 
half-life of 10 days. Speculation on role of particles as condensation nuclei, 

. Studies on the radioactivity of the atmosphere. Comptes rendus, v. 233 

Oct. 15, 1951: 860-862 (in French). 
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The existence in the atmosphere of a radioactive substance, labeled ‘‘A,’”? of 
several hours half life has been confirmed in flights at 3,300 meters, and at 
a ground station at 1,460 meters. Concentrations of Rn, Tn, ‘A,” and ‘A’ ” 
observed from March 15 to August 14, 1951, are tabulated. The concentra- 
tion of substance ‘‘A,” of 20- to 30-hour half life, is related to atomic explosions 
and precipitation. < . 

Lacassagne, A. Medical consequences of atomic bomb explosions, Bruxelles- 
Médical, (Brussels) v. 35, September 11, 1955: 1821-1833 (in French). 
Martin, Charles Noel. Accumulative effects on the global surface caused by 
thermonuclear explosions. Comptes rendus, v. 239, 1954: 1287-1289. 

HNO; is’ formed which locally lowers the pH of rain water. This can 
affect plant metabolism, C* production and its absorption by living things 
is discussed. . 

Nahmias, M. E: Detection at a distance of atomic bomb tests. Mem. Artillerie 
Frane. 28, 1954: 393-402. 

Nahmias describes the radioassay of atmospheric air, rain, and snowfall as 
the basis for detecting atomic bomb tests. ‘Tables and graphs give time versus 
Ra equivalents, distance versus Roentgens/hours of radiation, and distribu- 
tion of radio-elements which can be expected. eter 

Ravina, A. The first known effects of hydrogen bomb on man. Presse médi- 
cale (Paris), v. 62, June 5, 1954: 881 (in French). - 

Tanaevsky, Olga and Vassy, Etienne. Variations of the natural and artificial 
radioactivity of the atmosphere. Comptes rendus, v. 241, 1955: 38-40. 

The natural activity of the atmosphere, presumably Rn, Tn and their 
decay products, was most evident during periods of weak-winds at the Val 
Joyeux Scientific Station. In 30 of the 66 cases of high activity, the winds 
were from the southwest or west southwest, indicating a Rn source in that 
direction. The artificial radioactivity, detected in rains and snows, was 
strongest at the beginning of the precipitation. The highest activity meas- 
ured was 0.724 microcuries/1. 


GERMAN AND AUSTRIAN 


Gerlach, Walther. The hazards of radiation and its danger to life. Universitas 
(Stuttgart, Germany), v. 2, 1957: 125-131. ' 

Haxel, O., and Schumann, G. On the radioactive contamination of the atmos- 
phere. Naturwissenshaften (Berlin), v. 40, 1953: 458 Gin German). 

Beginning on March 19, 1953, radioactivity in the air near Heidelberg was 
measured continuously by means of air filtering, using, in general, 48-hour 
exposures. The long-lived activity, presumably from atomic explosions, 
showed several peaks in the period from mid-March to mid-June, reaching 
a maximum of 2.5 curies/m? in mid-April. An examination of the decay 
rates allows the determination of the time of explosion. It was found that 
peng reached Heidelberg in as little as 7 days from the Nevada 

est site. 

Herbst, W., and others. Considerations of the suitability of radioactive atomic 
aerosols as tracers in meteorological flow investigations. Naturwissen- 
schaften (Berlin) v. 41, 1954: 156-160 (in German). 

A large increase in radiation from the ground at Wittental (Brunswick), 
October 18-20, 1951, led to an attempt to trace the increased radioactivity 
to atom bomb explosions in the United States and the corresponding measure- 
ments by Holter and Glasscock at Helena, Mont. For the explosions on 
October 6, 7, and 14 the probable track of air at the 500 mb level from 
Helena to Wittental was determined in each case and shown on a chart. 

and Philipp, K. The path of an atomic explosion aerosol. Naturwis- 

senschaften (Berlin), v. 40, 1953: 54 (in German). 

Experiments at Wittental show that during October 16-24, 1951, a high 
value of the radioactive background was discovered. A similar high value 
had been reported at Helena, Mont., between: October 6-16, 1951. It is 
suggested that the same air mass was at these two places at the different 
times and that radioactivity measurements permit the path of the air mass 
in which the explosion occurred to be plotted. 
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Sittkus, A. Observations on radioactive vapour from. atomic experiments in the 
years: 1953/54, Naturwissenschaften, (Berlin) v. 42, 1955: 478-482 (in 
German). . 

Records data from rainfall-at Freiburg, Germany, on the radioactivity of 
the atmosphere and describes a method of deducing the time of the explosion 
from the observations. 

The path of an atomic explosion acrosol. Remarks of Mr. Sittkus to 
W. Herbst. Naturwissenschaften, (Berlin) v. 40, 1953: 198. 

No comparable effect was detected on other geiger counters in the same 
neighbourhood at the time when Herbst and Philipp recorded the effect 
they believe due to an atomic bomb. In reply these authors pointed out 
that they used thin-walled counters to detect f-radiation, whereas Sittkus 
used tubes suitable for detecting the penetrating component of cosmic rays. 

Steinhauser, F. Atomic bomb explosions and weather events. Universitas 
(Stuttgart) 1954: 1189-1196 (in German), 

——. Atomic energy and world weather. Universum natur and technick 
(Vienna) v. 16, 1954: 481. FT 

Atomic energy experiments and weather. Osterreichische Hochschul- 
zeitung (Vienna) 6 jg., Wien 1954 (in German). 

‘Tsuzuki, M. Radioactive damage of Japanese fishermen caused by Bikini ashes, 
Miinchener medizinische wochenschrift. (Munich), v. 97, August 5, 1955: 
988-994 (in German). 

Short description of clinical experiences with radioactive injuries of the 
23 fishermen during 1 year. All of the 23 fishermen in the boat were afflicted 
with acute radioactive-sickness as a result of contact with radioactive rain 
and ashes. .They were injured through the combination of external as well 
as internal radiation. 








INDIAN 


Bandopadhyay, K. G., and others. Radioactive nuclei in rains over Calcutta, 
Science and culture (India), v. 21, 1955: 273-275. 

The radioactivity in dusts carried down by rains between March and 
September 1955 were determined by §-ray assay, Histograms of relative 
activities as a function of specific rainfalls are given. 

Chatterjee, Santimay, and others. Dating a nuclear explosion. Science and 
culture, v. 20, 1955: 403-404. 

A method is proposed for dating nuclear explosions from the composite 
beta-deeay curves of the radioactive dusts, 

. Measurements on radioactive dusts over Calcutta. Science and 
culture, v. 20, 1955: 399-401. 

A brief report of the measurements of the radioactivity of rain water 
samples collected in Calcutta from April 29 to the middle of July 1954, is 
presented. Measurements of energy and half lives indicated that the dusts 
originated from nuclear explosions. 

. Presence of radioactive dusts over Calcutta. Science and cul- 
ture, v. 19, May 1954: 570-571. 

Beginning April 4, 1954, settled dust in Calcutta was analyzed for radio- 

activity; none was found until the first rain occurred on April 29. 














ITALIAN 


Neuwirth, R. Meteorological utilization of measurements of the artificial radio- 
activity of the air and precipitation. Geofisica pura e aplicata (Milan, 
Italy) v. 32, 1955: 147-158. (In German.) 

German, French, and American measurements of the rainfall and air 
activity are being evaluated. For that purpose, trajectories from the experi- 
mental grounds for bomb tests in Nevada to Western Germany are drawn. 
By means of intermediate values, the test possibilities of air paths—first only 
scheduled—are given. The so-called deposit spaces and meridional circula- 
tions, which are significant particularly in divergence regions, prove to be of 
especial importance. The mechanism of activation of precipitation is dis- 
cussed. A connection between the activity of precipitation and air masses 
could only be found in individual cases. But it seems that semitropical air 
air masses dispose of a higher specific activity in comparison with the polar 
air masses. ” 

Radioactive precipitations eaused by the experimental explosion of atomic 
a Minerva medica (Turin) v. 46, March 31, 1955: 640-642 (in 

talian). 
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Santomauro, L. and Cigna, A. First measurements of the radioactivity in atmos- 

pherie precipitations.  Annali di geofisca (Rome), v. 6, 1953: 381-387. 
Measurements conducted between February 1951 and November 1952 

showed that nuclear-weapon tests at Las Vegas, Eniwetok, and Montebello 
were followed, 1, 2, and 3 weeks later, respectively, by an increase in the 
radioactive content of rain and snow falling in Italy. 

Spena, A. The genetic problem in its relation to the use of atomic energy. 
Annali di medicina navale e tropicale (Rome), v. 61, July-August 1956: 569- 
582, 

JAPANESH | 


Arakawa, Akio, and others. Climatic abnormalities as related to the explosions 
of volcano and hydrogen-bomb. Geophysical’ magazine (Tokyo) v. 26, 
1955: 231-255. ya tigusles 

The effects of volcanic explosion on climatic abnormalities are investi- 
gated statistically and synoptically. The abnormal weather during the 
summer season of 1954 is found to have features similar to climatic abnormali- 
ties caused by volcanic dust. The distribution of temperature anomalies 
and its annual variation are discussed in relation to the tropospheric circula- 


tion. °* v 

Arakawa, H. Abnormal weather caused by the H-bomb. Astronomy. and 
meteorology, (Tokyo) v. 20, 1954. bs £8 

Possible atmospheric disturbances and damages to the rice-crops in 

northern Japan that may be caused by experimentation with nuclear weapons. 

Geophysical magazine (Tokyo) v. 26, 1955: 125-134. 

, and Tsutsumi, K. A decrease in the normal incidence radiation values 
for 1953 and 1954 and its possible cause. Geophysical magazine (Tokyo) 
v. 27, 1956: 205-208. 

Arizumi, On the distribution of ash-fall (meteorological investigation on the 
H-bomb experiment at Bikini Island—II) Journal of the Meteorological 
Society of Japan (Tokyo), Nos. 9-10, 1954. 

Egawa, Tomoji, and others. Investigations on the contamination of field crops 
by artificial radioactivities as a result of the H-bomb tests at Bikini Atoll. 
Soil and plant food, v. 1, 1955: 19-20. 

Crop samples taken between June and October 1954 were analyzed for 
radioactivity. Rare earth elements contributed the greater part of the 
activity. Polished rice showed no activity. 

Horie, Kuniko. Damping of radioactivity of the Bikini ashes. Kagaku (Science) 
(Tokyo), v. 25, 1955: 636-637. 

The radioactivity (8- and y-radiation) of the H-bomb ashes was measured 
over a period of 600 days by means of an electroscope and a Geiger-Muller 
counter. Absorption by Al foils shows that the half-life is shorter for radia- 
tion of lower energy. 

Ito, Gakuro and Moriuchi, Yasuyuki. Some problems on the radiological pro- 
tection: especially concerning with the maximum permissible dose.. Oyd 
Butsuri (Tokyo?), v. 24, January 1955: 3-17 (in Japanese). 

Kakehi, H. Ash of Bikini and its effect on human body. Journal of Japan Physi- 
cians’ Society, v. 31, May 1, 1954 (in Japanese). 

Discusses physical and chemical composition of radioactive ashes which 
fell on the fishermen of the Fukuryu Maru and gives a clinical study of its 
effects. Estimated radiation received by fishermen in 2-week stay on ship as 
200 r. Discusses hazard from contaminated tuna. 

Kaneshige, Kankuro. Japan-United States radiobiological conference. Con- 
temporary Japan (Tokyo), v. 23, Nos. 4-6, 1955: 296-310. 

Kawabata, Toshihuri. Studies on the radiological contamination of fish. Japa- 
aise aeaen of medical science and biology (Tokyo), v. 8, October 1955: 

The decay rate of the radioactivity of the organs of fish caught by the crew 
of the “Shunkotsu Maru” was measured, After 3 months, the spleens, kid- 
neys, and gonads retained considerable radioactivity, suggesting the presence 
of long-lived radioactive elements. At the end of this time, the liver and 
other organs retained only about 10 percent of the initial radioactivity and 
the bile had lost most of its activity. The retention by the pyloric caeca and 
the intestinal contents varied considerably and was probably dependent on 
the food consumed, Absorption of the ash of the organs on Dowex 50 and 
elution located most of the activity in the fractions eluted with 0.5 percent 
oxalic acid and 5 percent citrate buffers of pH 4.1 and 4.6. Qualitative sep- 
aration with carriers identified the main radioactive element of the citrate 
buffer, pH 4.1, eluate as Zn*, 
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Kimura, Kenjiro. Radioactive ashes on the fifth Fukuryu-Maru, the fishing boat 
that suffered from the hydrogen bomb test on March 1, 1954. Kagaku, 
(Tokyo) v. 24, 1954: 300-302. 

By ordinary procedures with carriers and by separation with cation- 
exchange resins, the ashes were analyzed and the following radioactive 
nuclides were detected, Zr® (65 days), Nb®%® (35 days), I32 (2.4 hours), Te! 
(77.7 hours), Nb®™. (90 hours), I!#! (8.141 days), Ba!° (12.8 days), La'#° (40.0 
wth ck (538 days), Sb!2”? (93 hours), Ru! (39.8 days), and Ru! (1.0 
year) etc. 

——,, and others. Detection of rhodium-103m in the ‘Bikini ashes.” Bulletin 
of the Chemical Society of Japan, v. 29, 1956 (in English) 395-398. 

The radiochemical analysis of the so-called Bikini ashes which fell on a 
Japanese fishing boat, the No. 5 Fukuryu Maru on March 1, 1954, are de- 
scribed as of some 25 days after detonation of the bomb. The collected 
sample (10—’ counts/minimum) was ignited and dissolved in 6N HCl, in- 
solubles were filtered off, and the activity of small aliquots of the filtrate was 
measured. ‘Total activity was estimated about 10-° counts/minimum. Ru 
(10 mg.) was added to the filtrate as a carrier, the acidity of solution was ad- 
justed to 2N, H.S was passed through to precipitate Ry as sulfide, and the 

recipitate was dissolved with HNO;; H,0, KM,0., and concentrated 

202. The appropriate aliquot portion of the distillate was taken up in a 
counting dish and evaporated to dryness; the activity was measured and 
found to be 1.5 x 10— counts/minimum. 

Kosaka, Takao, and others. Radioactive rain and contaminatea atmosphere ob- 
served in Niigata City (Japan). First report: the effect on environment 
and human body. Niigata Medical Association journal, v. 69, 1955: 1-6. 

Koyama, Y. and others. Clinical course of the radiation sickness caused by 
Bikini ashes: intermediate Report. Iryo (Tokyo) v. 9, January 1955: 5-45 
(in Japanese). 

Clinical observations are summarized covering a 5-month period on 16 
patients exposed to fallout from the Bikini explosion on March 1, 1954. 

. Conference of the radioactive disease caused by the. atomic 
bomb explosion in the central Pacific. Iryo (Tokyo) v. 9, January 1955: 
56-68 (in Japanese). 

Mitsui, Shingo, and others. Investigations on the radioactive contamination 
of crop plants as a result of hydrogen-bomb detonation. Soil and plant 
food, v. 1, 1956: 15-18. 

I. Radioactive contamination of crop plants and soil. II. Root and 
foliage uptake of Bikini ash. 

Miyake, Y. Artificial radioactivity in rain water observed in Japan, from 
autumn 1954 to spring 1955. Papers in meteorology and geophysics, Meteoro- 
logical Institute, Tokyo, v. 6, May 1955: 26-32. 

At about midnight of September 18, 1954, a typhoon (No. 14, 1954) ran 
away toward the sea after attacking Japan. In place of the typhoon a colder 
and less moist air flowed in from the north. Just at the time, a new activity 
of artificial origin was detected in rain water at Niigata and Hirosaki, both 
situated along the Japan sea coast of the northern part of the main island. 
From 22d to 24th of September, the activity increased rapidly, spreading over 
a wide area in Japan and finally an activity as strong as 0.3 x 10° curie/liter 
was counted in rain water at Yamagata. 

. The artificial radioactivity in rain water observed in Japan from May 

to August 1954. Papers in meteorology and geophysics, | Meteorological 

Institute, Tokyo. v. 5, September 1954: 173-177 (in English). 

Radioactivity in rainfall was measured at several places in Japan after 
the spring, 1954, Pacific tests. The maximum activity, 0.5 x 10~° ¢/1, was 
observed at Kyoto on May 16, 1954. . Meteorological trajectories indicate 
air that was over Bikini on May 8 reached Japan on the 16th and it is 
speculated that an explosion on May 5 is responsible for the activity. On 

August 3, airplane measurements with a dust impinger indicate 0.8 ~ 2.0 x 

curie/ce on the average from 1000-3000 meters over Tokyo. 
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Miyake, Y. Rain from south and snow from north. Kayaku Asahi, (Tokyo) 

December 1954 (in Japanese). | . 
Discusses detection of nuclear explosions by various methods including 

observations of fission product activity in the atmosphere. Deposition 
of 750 cpm on a vaseline coated paper (80X30 cm) on May 13-16, 1954. 
Righty-six thousand cpm/1 observed in rain at Kyoto on May 14, apparently 
from May 5 test at Bikini. Thereafter, strong contamination of rain observed 
at many places on Pacific Coast of Japan. Since May 1954, activity of rain 
on Pacific side about an order of magnitude greater than on Japan Sea side 
of Japan. On September 22, 1954, a record-breaking 124,000 cpm/1 from a 
Russian test was observed in rain at Yamagata, associated with a cold 
front advancing from Siberia, almost no activity in warm front rain on the 
Pacific coast. Discusses possible hazard from contaminated snow. 

and Sugiura, Y. Radiochemical analysis of radio-nuclides in sea water 

collected near Bikini Atoll. Papers in meteorology and geophysics, Mete- 

orological Institute, Tokyo, v. 6, 1955: 33-37. 

A radiochemical analysis of sea water containing fission materials col- 
lected near Bikini Atoll in June 1954, was performed. The sea water was 
boiled with hydrochloric acid; iron and lanthanum salts each 5 mg as Fe 
and La were added to it. They were precipitated as hydroxide, which was 
dissolved in hydrochloric acid and ferric chloride was extracted with ethyl 
ether. The remaining solution was evaporated to dryness and the residue 
was dissolved in hydrochloric acid. Using the latter solution the group 
separation was done with cation exchanger resins. 

, and others. Artificial radioactivity in the sea near Japan. Papers in 
meteorology and geophysics, Meteorological Institute, Tokyo, v. 6, May 
1955: 90-92. 

Sea water collected around the Bikini Atoll from July to September 1954, 
was analyzed for total radioactivity by adding 2 g. solid NH,Cl, 1 ml. of an 
aqueous solution of Ferric alum (86.3 g./l.), and 1 ml. of BaCl, solution (17.8 
g./l.) to 1 1. of H,O heated to 60-70 while being stirred. NH,OH was added 
until the solution was faintly pink to phenolphthalein. After 2-minutes 
boiling the precipitate settled on standing for several hours at room tem- 
perature before being filtered on a filter disk lain above a glass filter. Count- 
ing rates of 2.1+1.6 to 140.8+6.8 counts/minute/l. were obtained. 

-- On the distribution of radioactivity in the sea around Bikini 
Atoll in June 1954, Papers in meteorology and geophysics, Meteorological 
Institute, Tokyo, v. 5, January 1955: 253-263. 

Report of an oceanographic survey in the late spring of 1954 in the Marshall 
Islands area to investigate the radioactivity of the waters following the 
Castle tests. Maximum value was 7025 cpm/1, 450 km west of Bikini at 
a depth of 75 m (1,000 cpm5.9 myc). Almost all radioactivity was in 
solution, a filter of pore size 0.54 passed 99 percent of the activity. Dis- 
tribution of the radioactivity and its relation to ocean currents is shown. 
Vertical cross sections show marked decrease in activity below thermocline, 
about 150 m. Estimate flow of radioactivity through cross-section 150 km 
west of Bikini was 105 curie/hour. Coefficient in mixed fission product 
decay law ranged from ~—1.3 to —1.6, mean —1.5. 

. Radiochemical analysis of fission products contained in the soil 
collected at Tokyo, May 1954, Papers in meteorology and geophysics, 
Meteorological Institute, Tokyo, v. 6, 1955: 93-94. . 

Soil (300 g.) was leached with 50 ml. 6N HCl on a steam bath and the 
filtered solution evaporated to dryness. The residue was dissolved in distilled 
water and an aliquot of the solution was subjected to chemical analyses, in 
which the sample was dried on a stainless steel planchet and its B-rays were 
counted. Group separation of the extract was made after addition of car- 
riers of Ce, Ba, and Sr. Precipitation with H,S showed very weak activity 
which was only a few percent of the total. The hydroxide group contained an 
appreciable amount of radionuclides, but most of them were insoluble when 
changed into fluoride forms. The filtrate of fluoride solution also showed a 
weak activity. The radionuclides obtained in the carbonate fraction were 
separated into Ca, Sr, and Ba and the Ca fraction was separated by concen- 
trated HNO; and the Ba fraction obtained by precipitation as chromate. 
Results show radionuclides of rare earths=9X 10-18 curie/g. Sr®=3 10-8 
curie/g., and Ba!—-=7X 10-4 curie/g. 
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Ohashi, S., and others. Pathological findings in the fatal case (the late Mr. 
Kuboyama) of the radiation sickness caused by Bikini ashes. An inter- 
mediate report. Iryo (Tokyo), v. 9, January 1955: 46-55 (in Japanese). 

Autopsy findings and the case history are summarized from a case diag- 
nosed as radiation sickness caused by exposure to fallout from a thermo- 
nuclear explosion. The patient died 207 days following exposure while on a 
fishing boat said to be located about 100 miles east of Bikini at the time of 
the explosion. Evidence was also found of a secondary virus hepatitis 
and aspergillus fumigatus pneumonia. 

Otsuka, R. and Shimada, K. On the upper air current in lower latitude of the 
north western Pacific ocean at the beginning of March 1954. Meteorological 
investigation on the H-bomb experiments at Bikini Island. Journal of the 
Meteorological Society of Japan, v. 32, No. 7-8, 1954. 

Ota, Michio, and others. Contamination of grapes by radioactive substances. 
Soil and plant food (Tokyo) v. 1, 1955: 43-44. 

The K content of grapes was determined by measuring K*° content from 
1951 to 1954, After the radioactive fallout in 1954, the grapes were shown 
to be contaminated by radioactivity. 

Obo, Fujio. Radioactive rains and fishes in the Kagoshima area, Medicine and 
biology (Tokyo) v. 33, 1954: 19-23 (in Japanese). 

Results are given of radioactivity determinations of rains, well and city 
water, vegetables, domestic animals, milk, and fishes. Radioactivity was 
determined in a radiation counter (Scientific Research Lab. model 32), at a 
distance of 1 cm. for 10 minutes. Samples were obtained during 18-27 
May, 1954. The highest and lowest values obtained were: 4000-80 counts/ 
min/1/.(c. p. m.) for rains, 20-0 c. p. m./cc. for well water, and 71-0 c. p. m./ 
100 ce. for city water. 

Radioactivity in the pelagic fish. Bulletin of the Japanese Society of Scientifie 
Fisheries (Tokyo) v. 20, 1955: 907-926. 

J. Distribution of radioactivity in various tissues of fish. Bulletin of the 
Japanese Society of Scientific Fisheries, v. 20, 1955: 907-915. 

Pelagic fishes eaught after atomic explosion experiment at Bikini Atoll 
in the Paeific were examined by radiochemical techniques. Generally the 
radioactivity was large in liver, kidney, gall bladder, and heart, and then in 

yloric caeca, stomach, intestine, and gonad: there was little activity in skin, 
ty and muscle. ‘This order varied with species. Large radioactivity of 
the stomach contents did not necessarily mean large activity in the tissues, 
indicating considerable participation of diffusion of sea water into the fish 
body. . Muscles from various sites showed slight difference in the activity. 
The tee muscle, however, showed several times as large activity as ordinary 
muscle. 

II. Group separation of radioactive elements in fish tissues: p. 916-920. 

Analytical group separation was performed with various ashed tissues of 
some fishes exposed to radioactive ash. The radioactivity was particulerly 
large with element belonging to the third group, both A and B subgroups 
The second group showed considerable activity in pyloric caeca and kidney of 
skipjacks. ‘he radioactivity of the first and fourth groups was detected in 
some tissues; the fifth group showed slight activity. 

III. Separation and identification of zinc 65 in the muscle of skipjack. 

Muscles of skipjack caught in the vicinity of the Bikini Atoll after the 
explosion were ashed, treated with Dowex 50, and eluted with various sol- 
vents. A fraction obtained with 0.5 percent oxalic acid and ammonium 
citrate (pH 4.18) contained Zn, 

Saiki, Masamichi, and others. The radioactive material in the radiologically 
contaminated fishes caught in the Pacific Ocean in 1954. Bulletin of the 
Japanese Society of Scientific Fisheries (Tokyo) v. 20, 1955: 902-906. 

The radioactivity of several samples of Coryphaena Hippurus caught in 
the southern Pacific in May 1954, after the atomic explosion at Bikini, was 
found, in decreasing order, in spleen, kidney, liver, pyloric caeca, heart, gill, 
intestine, gastric wall, ovary, testis, gastric content, red muscle, skin, ver- 
tebrae, and muscle. The red muscle of Neothunnus Macropterus showed 
54.8 counts/min./0.20 g. activity on dry basis; the activity was decreased to 
27.6 by soaking 25 g. muscle in 25 cc. water, and to 14.1 by soaking in 0.5 
percent Na ethylenediaminetetraacetate solution. The radioactive sub- 
stances in these fish tissues were found, upon analysis, to belong to the III 

oup, particularly to III-B group. Examination of synchroscope patterns 

y scintillation counter indicated the presence of Zn®> among the radioactive 
substances. Sr was suggested to be present in very small amount, 
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Shimizu, Kentaro. Hiroshima and Bikini. Oriental economist, (Tokyo) y. 22, 
July 1954: 344-346. , ED ae 

A report by the doctor who treated the Japanese fisherman injured by the 
Bikini test. 

Shinjiro, T. eye ash, experience of 23 Japanese fishermen. Japan quarterly, 
v. 2, 1955: 37. 

Tajima, Eizo. Why fishing boats were contaminated by radiation. 

Shizen, December 1954 (in Japanese). 

Many Japanese fishing boats were examined with a G—M counter follow- 
ing the Bikini tests of 1954. Decks and other washable parts were weakly 
irradiated, lamps and other unwashable parts were strongly irradiated. Di- 
rectional relationships of contaminants on individual ships coincided with 
those of the prevailing winds. Ships to the west of Bikini averaged 123 
cpm; those to the east, 1,800 cpm. Activity to the east shows sharp rises 
on test dates, sharp drops on other dates. To the west of Bikini, a strip of 
water from 15° N. to about the equator is contaminated, and the contamina- 
tion of the boats may have been due to this. ney 

Takase, Akira. Distribution of radioactivity in various tissues of fish and group 
separation of radioactive elements in them. Bulletin of the Institute of 
Public Health (Tokyo), v. 4, 1955: 27. - 

Radiological studies were made of several kinds of fish which had been 
caught in the fishing ground including the area from longitudes 128° East to 
162° East and from latitudes 3° North to 33° North during the period from 
April 25 to July 7, 1954, and which had been rejected as highly contaminated 
radiologically at the time of landing. as eed. 

———. Separation of the radioactive elements in the muscle of skipjack by ion- 
exchange resin, and confirmation of the presence of radioactive zine. Bulletin 
of the Institute of Public Health (Tokyo), v. 4, 1955: 22-26. 

An ashed sample of skipjack muscle caught in June 1954, near Bikini Atoll 
was analyzed for elements separated by an anion-exchange method (Dowex 
50) with the use of 0.2N HCl, 0.5 percent oxalic acid, and 2 percent.-NH, 

citrate as eluents at each pH value of 3.53, 2.18, 4.60, 5.02, 5.64, and 6.42. 

Yamada, Yoshio, and others. Measurement of radioactivity in contaminated 
crops. Soil and plant food (Tokyo), v. 1, 1956: 25-26. ae 

A method called the direct method was developed to ‘correct for natural 
K* radiation in plant samples. The K29 content of the ashed sample is deter- 
mined by flame-photometry. The radioactivity in a 100-mg. sample is 
measured and the natural radioactivity from K* determined by calculation 
subtracted. Tea samples tested gave evidence of contamination by radio- 
active fallout. be . 

Yamamoto, Ryozaburo. Atmospheric oscillation caused by the H-bomb. 
Astronomy and meteorology (Tokyo), v. 20 No. 8, 1954. 

Yamasaki, F., and Koneko, H. On the artificial radioactivity in rainwater. 
Pie tae of the Scientific Research Institute (Tokyo), v. 49, June 1955: 137- 

Rainwater in Tokyo was examined for artificial radioactivity from April to 
December 1954. The most active rain occurred on May 17, as reported by 
Miyake. Wide variability in activity was noted from sample to sample, 
even in the same rainfall. In a single rainfall, the specific activity appeared 
to be negatively correlated with rainfall intensity. Rainwater collected in 
the early stage of a single rainfall did not always show the strongest radio- 
activity. Exponent in the decay law for mixed fission products ranged from 
—0.9 to —1.4 in five rain samples investigated. 

Yatazawa, Michihiko, and Ishihara, Takashi. Radioactive contamination of 
plants in Japan covered with fallout from H-bomb detonations in March- 
May 1954 at Bikini Atoll, Marshall Islands. I. Distribution of deposited 
radioactivity. Soil and plant food (Tokyo), v. 1, 1955: 21-22. 

In May 1954 rains contained radioactivity up to 0.2 muc. per liter. The 
provisional permissible level of unknown radioisotopes in H20 is given as 
10—’ muc./ml. for 6— or y— emitters.: The safety factor for these values is 
at least 100. From these values the permissible level for foods was calculated 
as 0.22 muc./day. Food plants tested ranged 0-1.25 muc./10 g. dry matter. 
It is concluded that serious radioactive contamination of plants was probable. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 2025 


RUSSIAN 


Marei, A. N. Radioactive wastes and public health problems. Meditsinskaia 
TR een (Moscow) v. 1, July-August 1956: 3-7 (in Russian). 

Yakobson, I. I, Initial radioactive investigations in Russia. Akademiya Nauk 
Uzbek 8. 8. S. R., v. 5, 1953: 118-135. 

SWEDISH | 

Muller, Hermann J. The manner of dependence of the permissible dose of 
radiation on the amount of genetic damage. Acta radiologica (Stockholm), 
v. 41, January 1954: 5-20. 

Morgan, K. Z. Maximum permissible concentration of radioisotopes in food, 
water and air and maximum permissible equilibrium amounts in the body. 
Acta radiologica v. 41, January 1954: 30-46. 

Warners, C. J. Note on radioactive compounds in the atmosphere. Tellus 
(Stockholm) v.-7, August 1955: 403-404. 

Since January 1, 1955, daily measurements of the radioactivity of the air 
have been made by the Royal Netherlands Meteorological Institute. The 
highest values noted were in the period April 28-30, in tropical air transported 
from the south, and reached 27.4 x 10-?° ye per liter. 


OTHER NATIONS 


Akpinar, 8. and Akpinar, R. Radioactive precipitations in Istanbul and Uludag 
(Turkey) Istanbul, v. 20C, 1955: 287-302 (in English). 

From the decay curves of fission products in rain and snow, it was possible 
to determine the date of announced United States atomic tests and unan- 
nounced Russian tests with a probable maximum uncertainty of +8 days. 

Gabites, J. F. Drift of radioactive dust from the British nuclear bomb test in 
October 1953. _New Zealand Journal of science and technology (Wellington, 
N. Z.) v. 36B, September 1954: 160-165. . 

To account for the second wave of radioactivity which reached Wellington 
38-54 hours after the blast in Woomera, Australia, it is apparently necessary 
to assume the material started from a height of 22,000—25,000 feet. The 
dust was dispersed downward by eddy diffusion and carried by lower level 
atmospheric circulations to New Zealand. The first wave which occurred 
30 hours after the blast remains unexplained, 

Holubeec, K. Lesson of Hiroshima and Bikini. Casopis lékafu ¢eskfch (Prague) 
v. 95, May 11, 1956: 518-525 (in Czech). 

Levi, H. Natural background radiation and radioactive fallout. Ugeskrift for 
laeger (Copenhagen) v. 117, December 15, 1955: 309-311 (in Danish). 

Piédrola, Gil G. and Amaro, Lasheras J. Precipitation of radioactive dust 
(fall-out); necessity for a national detection and defense organization. 
Medicina colonial (Madrid) v. 28, October 1, 1956: 229-231 (in Spanish). 

Rose, D. C..and Katzman, J. Radioactive deposits found at Ottawa after the 
atomic explosions of January and February 1951. Canadian journal of 
physics, v. 30, March 1952: 111-116. . 

Gamma-ray measurements indicated that considerable radioactive matter, 
apparently consisting of fission products, fell on January 29, and on Feb- 
ruary 7, 1951. The earlier fall came from an explosion in Nevada on Janu- 
ary 27, and the February 7 material appeared to be 3 to 5 days old. The 
quantity was estimated to be equivalent to 1 y Ra per square mile. 

Ryder, N. V., and Watson-Munro, C. N. The detection of radioactive dust 
from the British nuclear bombs of October 1953. New Zealand journal of 
science and technology (Wellington, N. Z.), v. 36B, September 1954: 155-159. 

Thirty hours after the nuclear explosion near Woomera, Australia, in Oc- 
tober 1953, a peak in B-activity of 50 epm was observed in Wellington, New 
Zealand, on an air filter. A second peak of 6 cpm was observed a few hours 
later. Decay curves indicated the activity was fission product activity. 

Szalay, A. Unusual radioactivity observed in the atmospherical precipitation in 
Debrecen (Hungary) between April 22—December 31, 1952. Acta physica 
(Budapest, Hungary) v. 5, 1955: 1-14. 

The authors investigated, by means of an end-window f-counter tube 
equipment the activity of precipitation fallen in Debrecen between April 22 
and December 31, 1952. At times the precipitations showed radioactivity 
which proved to be due to fission products deriving from atomic explosions. 
These anomalous activities, with a lag of a few days, were in correlation to 
time with the atomic explosions published during the same period. 
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PorpuLAR PERIODICAL ARTICLES - 


A-bomb survivors due to lose quarter of life. Science news letter, v. 69, March 
31, 1956: 201. ; 

All about A-bombs, fallout, dangers in the future. U. 8. news and world 
report, v. 38, April 29, 1955: 96ff. 

Extracts from transcript of hearings held by the Joint Committee on 
Atomic Energy, April 15, 1955. 

Amrine, Michael. Atomic clouds over America, Science digest, v. 33, June 
1953: 23-30. . 
———. Fallout, can man survive? Progressive, v. 21, February 1957: 6-10. 

The author is deeply concerned about the dangers of radioactive fallout 
from bomb tests, and questions the administration’s apparent lack of concern, 

Armagnac, A. P. ow the H-bombs spread radioactivity. Popular science, 
v. 166, April 1955: 144-145. 

———. Will bomb dust endanger your health? Popular science, v. 170, Feb- 
ruary 1957: 163-167. . 

Arnold, James R. Effects of the recent bomb tests on human beings, Bulletin 
of the atomic scientists, v. 10, November 1954: 347-348. 

“The death of a Japanese fisherman on September 23 [1954] not only 
shocked the world but made the radioactive fallout seem the most fearful 
consequence of the H-bomb.”’ 

As the bomb goes off and the cloud heads east * * * science tackles radiation 
peril. Life, v. 38, March 21, 1955: 32-39. 

Ascoli, Max. There must be an end to it (editorial), The Reporter, v. 16, May 
16, 1957: 8-9. : 

Urges end of bomb testing. 1337 

Reprinted in extension of remarks of Charles O. Porter, Congressional 
record [daily edition] v. 108, May 13, 1957: A38637—-A3638. . . 

Atom outgrows its proving ground, U.S. news and world report, v. 36, March 
26, 1954: 45-47. . 

“‘Thousands of square miles now can be damaged by radioactive particles, 
from one H-bomb, carried by the wind.’’ 

The atom: ‘Unpleasant debate.’? Newsweek, v. 48, November 26, 1956: 64-66. 

Various experts in the atomic energy field comment on dangers of strontium 


Atomic radiation: the r’s are coming. Time, v. 58, June 25, 1956: 64f. 
Ban the “dirty bomb,”’ (editorial). New Republic, v. 136, April 29, 1957: 3-4. 
Proposal that the United States should seek an international agreement to 
limit the radioactive debris from bomb tests. : 
Bengelsdorf, Irving. Can the atom change the weather? Saturday review, 
v. 39, July 7, 1956: 31-37. 
Berninger, Karl. The bomb and the weather. Contemporary issues (London) 
v. 6, March-April 1955: 114-116. 
Maintains. that atomic tests do influence weather conditions; points out 
meteorological phenomena, to bolster this thesis. 
Berrill, Norman J. A Canadian scientist asks have we gone too far with the 
atom tests? Maclean’s magazine (Toronto) v. 68, July 9, 1955: 7-9 ff. 
‘Every time an atomic explosion occurs anywhere in the world more highly 
dangerous radioactive particles are set free. Professor Berrill says it’s time 
our leaders told us the truth—that even if we survive we may breed a future 
race of morons or monsters.”’ 
hy a_i menace of radiation. Atlantic monthly, v. 196, October 1955: 
“Radioactive fallout from test explosions of atomic bombs has made clear 
to Americans that nuclear warfare would mean annihilation of large areas, 
Less well understood is the fact that leakage of radioactive materials resulting 
from careless operation of atomic powerplants and other peacetime uses of 
_ . nuclear energy can be just as deadly.” 
pe a Can fish survive the atom? Field and stream, v. 61, June 1956: 





Blifford, Irving H. Total radioactive fallout. Science news letter, v. 69, April 
28, 1956: 267. 

Bomb watchers; radioactive dust in Japan. Time, v. 67, April 16, 1956: 56 f. 

Bombs and the species. Economist, (London) v. 175, May 14, 1955: 557-558. 

Cattle caught in fallout cancerless. Science news letter, v. 71, April 20, 1957: 248. 

Danger, strontium 90, Newsweck, v. 48, Nov. 12, 1956: 88 f. 
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Data on atomic radiation transmitted to U. N. committee. United States 
Department of State bulletin, v. 35, October 29, 1956: 687. 

Davis, Helen M. Hazards of smog. Science news letter, v. 67, May 7, 1955: 
298-299f. 

“The problem of preventing harmful radioactive fallout is like that of smoke 
control. Filters and precipitators can reclaim valuable wastes from industrial 
chimneys.” 

De Roos, Robert. What are we doing about our deadly atomic garbage? Col- 
lier’s, v. 184, August 20, 1954: 28-34. 
rae ae G. Biology and the bomb. Nation, v. 180, June 25, 1955: 


Despite the comforting statements of AEC on the background radiation 
increase caused by atomic tests, this author points out that a very little 
upset in the ‘‘balance of nature’? might have very serious ramifications. 

Facts about A-bomb fall-out. U. S. news and world report, v. 38, March 
25, 1955: 21-26. 

“Not a word of truth in scare stories over tests.” 

Abridged in Reader’s digest, v. 66, June 1955: 22-24. 

Fallout detector developed by Navy, Army-Navy-Air Force register, v. 76, 
December 10, 1955: 6. 

Maken rate, to grow; strontium—90. Science news letter, v. 71, February 23, 

Ferreus. Courage or perdition? The 14 fundamental facts of the nuclear age. 
Review of politics, v. 16, October 1954: 395-411. 

Each fact is discussed in the light of its relationship to future policy. 

Foulks, J. G. Do H-bomb tests threaten human survival? Canadian chemical 
processing, v. 39, April 1955: 29-30 f. 

Glass, Bentley. The hazards of atomic radiations to man, British and American 
reports. Bulletin of the atomic scientists, v. 12, October 1956: 312-317. 

Discussion of reports issued by National Academy of Sciences and British 
Medical Council on effects of radiation. 

H-bomb contamination. Science news letter, v. 67, February 26, 1955: 134. 

H-bomb such as that exploded in Marshall Islands would contaminate 
7,000 square miles with radioattivity. 

Turbulence in the atmosphere could make the area threatened twice as 
wide as the cigar shape (up to 40 miles) described in official AEC report. 

H-bombs without fallout (editorial). Bulletin of the atomic scientists, v. 12, 
September 1956: 234ff. 

Claims that statements on minimum fallout from H-bombs confuses 
public thinking. 

Hayasaka, I. Appeal to the western evolutionists against the hydrogen bomb 
by the Japanese Society for the Study of Organic Evolution. Science, v. 120, 
October 8, 1954: 9A. 

Same: Bulletin of the atomic scientists, v. 11, January 1955: 34. 

Hicks, C. B. How dangerous is fallout? Popular mechanics, v. 106, November 
1956: 198—202ff. 

Holmes, Robert H. Latest about after-effects of A-bomb. U. S. news and 

* world report, v. 88, May 13, 1955: 60-68. 

The director of the Atomic Bomb Casualty Commission describes the 
present situation of the Hiroshima survivors, the effects of the bombing 
upon their offspring, and the present condition of Hiroshima itself. 

Holzman, B. Have atom bomb tests fouled up the weather. Look, v. 17, 
August 11, 1953: 32-33. 

Hot stuff: big hurdle for atom power. Business week, July 23, 1955: 72-82. 

Problem of radioactive wastes discussed. 

How dangerous are the bomb tests? Time, v. 69, June 3, 1957: 62, f. 

How radiation can affect our children. Challenge, v. 5, October 1956: 54-59. 

Interview with Warren Weaver, chairman, Committee on Genetic Effects 
of Atomic Radiation, National Academy of Sciences. 

How safe humans? Newsweek, v. 49, February 18, 1957: 71. 

Humanitarian bombs; minimum widespread fallout. New republic, v. 135, 
July 30, 1956: 3-4. 

Inglis, David R. Prospects for stopping nuclear tests. Bulletin of the atomic 
scientists, v. 13, January 1957: 19-23. 

A fervent plea for the ending of thermonuclear tests. The author believes 
the chief reason for ending them is not the radioactive fallout problem as 
much as it is the vital need to get on with some sort of disarmament. 
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Jacobs, Paul. Clouds from Nevada; a special report on the AEC’s weapons- 
testing program. The Reporter, v. 16, May 16, 1957: 10-29. 
Lengthy article describing the hazards to people living near the atomic 
testing grounds in Nevada. | 
Katz, Sidney. How serious is the threat of radiation?’ Maclean’s magazine 
(Toronto), v. 69, December 8, 1956; 18-19, 115-118. 
Knapp, H. A. South Woodley looks at the H-bomb. Bulletin of the atomic 
scientists, v. 10, October 1954: 306-311. 
Lang, Daniel. Fallout. New Yorker, v. 31, July 16, 1955: 31-41. 
Lapp, Ralph E. Civil defense faces new peril. Bulletin of the atomic scientists, 
v. 10, November 1954: 349-351. ; 
Assessment of fallout and its impact upon civil defense. Urges that the 
Federal Government release classified data on fallout to provide guidance to 
civil defense organizations. 
———, Confused alert. Life, v. 38, June 27, 1955: 48-49. 
Fallout and candor. Bulletin of the atomic scientists, v. 11, May 1955: 





~ 


70f. . 
——. Global fallout. Bulletin of the atomic scientists. v.11, November 1955: 
339-343. 

Following a review of the fallout literature, the author concludes that, 
although many in the Pentagon maintain that blast and heat are the real 
military effects of nuclear weapons, it appears that local fallout from the 
uranium superbomb is a potent weapon. Remote fallout from even a large 
scale nuclear bombing, however, does not appear to be a global hazard to 
humanity. | 

—-—, Humanitarian H-bomb, Bulletin of the atomic scientists, v. 12, 
September 1956: 261-264. ; 

‘‘The superbomb can be designed to be relatively clean [by giving most 
of the energy to fusion, which produces nonradioactive helium] or very dirty 
[by maximizing fission]. The former would be desirable in the test series 
whereas the latter would seem to fulfill the requirements of a strategic weapon. 

7 . Radioactive fallout. Bulletin of the atomic scientists, v. 11, February 
1955: 45-51; June 1955: 206-209. 
———. Radioactive fallout. New Republic, v. 132, February 14, 1955: 8-12. 
Discussion. IJbid., v. 182, April 4; 1955: 28. bio 
Strontium limits in peace and war. Bulletin of the atomic scientists, 
v. 12, October 1956: 287-289, ff. 
Questions whether MPC figures released by AEC are in fact safe. 
Reply: New republic, v. 1385, October 15, 1956: 5-6. 
Laurence, William L. Promise of tomorrow. Colliers, v. 136, December 23, 
1955: 46, ff. 
Libby, Willard F, The radioactive fallout. Civil defender, v. 1, December 
1955: 16. 

Speech given at Annual Meeting of National Association of State Civil 
Defense Directors, November 3, 1955. . ; 
Radioactive fallout. National safety news, November 1955: 60, ff. 
Remarks prepared for delivery at the fourth annual conference of the 

Meet wie Civil Defense Council, Hotel Statler, Boston, Mass., September 
———. Radioactive fallout, with editorial comment. Bulletin of the atomic 

scientists, v. 11, September 1955: 256-260. — 

a fia given before Alumni Reunion at the University of Chicago, June 
———. Radioactive fallout and radioactive strontium. Science, v. 123, April 

20, 1956: 657-660. . 

Based on a speech given at Northwestern University, Evanston, IIl., 
January 19, 1956. ' 

_ The radioactivity produced in magaton weapons is placed largely and 
immediately in the stratosphere while the smaller kiloton weapons produce 
clouds which do not reach into the stratosphere, and the bulk of their radio- 
activity is left in the troposphere. In the troposphere where rain occurs, 
articulate matter will be washed down in an period of days or weeks. 
t is easy to show that one-tenth inch of ordinary rainfall will probably 
remove almost completely all particulate matter except that which is so small 
as to be nearly of molecular dimensions. 

Also in Ordnance, v. 41, July-August, 1956: 40-43, with title: Fallout 
ayes the A-bomb. 

eprinted in Congressional Record [dail iti F : 
AiB7y_A1879. g [daily edition] February 20, 1956 
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Libby, Willard F.. What the atom can do to youandfor you. U.S. news and 
world report, v. 42, May 17, 1957: 64-75. 

A member of the Atomic Energy Commission gives “authoritative” 
answers to such questions as: Should we worry over fallout from atomic 
age ume pi will we get usable atomic power? Are new atomic weapons 
in sight? 

, and others. Forum on the Schweitzer declaration. Saturday review, 
v. 40, May 25, 1957: 8-13, 35-36. 

There are four articles in this forum concerning atomic tests and the dangers 
of the resulting radiation. One is Dr, Libby’s answer to the protest of 
Dr. Albert Schweitzer. 

Lodge, Henry C. Data on atomic radiation. United States Department of State 
bulletin, v. 33, July 11, 1955: 54, 

Lorentz, Pare. Fight for survival. McCalls, v. 84, January 1957: 28-29. 
Dangers of radioactive poisons from bomb tests and radioactive waste. 
Reprinted in Congressional Record [daily edition] January 28, 1957: 

A498-A500; February 7, 1957: A860-A862. 

MacLeod, Iain. Nuclear explosions, Vital speeches, v. 21, April 15, 1955: 
1165-1168. 

House of Commons discussion on the effects of increased atmospheric 
radioactivity on mankind’s hereditary constitution. 

Mansfield, Michael J. From A-bomb to U-bomb. New leader, v. 38, May 23, 
1955: 16-20. 

Senator Mansfield, concerned about the dangers to life and health caused 
by atomic and hydrogen bomb tests, suggests the possibility of ceasing 
such experiments. . 

MeWilliams, Carey. Perils unknown. Nation, v. 180, April 9, 1955: 302-306. 
Severe indictment of the administration for its failure to report to the 

people on the dangers of atomic war, and for its failure to become concerned 
by the increased atmospheric radioactivity caused by repeated atomic tests, 

Measured fallout; control of fallout. Time, v. 68, July 30, 1956: 61. 

rey cepa Nuclear weapons and genetics. Fellowship, v. 21, September 
1955:3,5+9. ; . 

Reprint of article originally written for British magazine Reconciliation by 
a medical physicist of Sheffield, England. 

Miller, Robert W. Safeguarding children from radiation risks. Children, v. 3, 
November-—December 1956: 203-207. ty 

Muller, Hermann J. Race poisoning by radiation. Saturday review, v. 34, June 
9, 1956, 9, ff. 

’ Article on “local” and remote fallout and possible effects. Discussion of 
mutations produced by radiation. 

Reprinted in Congressional Record [daily edition], v. 103, May 15, 1957: 
6222-6225. 

Next to last words. New republic, v. 136, May 6, 1957: 4. 

New dangers of H-bomb. Science news letter, v. 67, March 5, 1955: 147. 
Discussion of AEC’s report on the Effects of High-Yield Nuclear Explo- 

sions. 

Dreaded fission products come from A-bomb material which is present in 
only small amounts in H-bombs, if at all. ‘Therefore, fallout problem 
probably less serious with H-bombs, except for their greater size. 

Nishiwaki, Yasushi. Death in therain. Nation, v. 180, August 6, 1955: 111-114. 

Nordheim, L. W. Tests of nuclear weapons. Bulletin of the atomic scientists, 
v. 11, September 1955: 253-255, f. 

Testing of atomic weapons is essential to their development. On the other 
hand such testing may prove dangerous because of radioactivity.. The 
author examines the evidence on both sides and concludes that the dangers 
of the tests are much less than the dangers of being caught with inadequate 
weapons. 

Now there’s a warning about too much X-ray; scientists say it’s far more danger- 
ous than “Fallout.” U. S. news and world report, v. 40, June 22, 1956: 
60-70. 

The National Academy of Sciences’ report, June 13, 1956, contains esti- 
mate that the average person receives 30 times as much radiation from 
X-rays as from fallout. . 

Nuclear weapons tests; statements by scientists. Science, v. 124, November 9, 
1956: 925-926. 
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The peril of strontium-90. Time, v. 69, May 6, 1957: 24. frat 

Willard Libby’s answer to Dr. Schweitzer on dangers of fallout. 

Passin, Herbert. Japanandthe H-bomb. Bulletin of the atomic scientists, v. 11, 
October 1955: 289-292. 

This article tells how the accident in which several Japanese fishermen 
became victims of fallout has poisoned relations of Japan with the United 
States. 

Poling, J. Men who really know about bomb-dust radiation! Better homes 
and gardens, v. 35, May 1957: 71f. 
Radiation dangers. New republic, v. 136, May 20, 1957: 8-9. 
‘‘What is known about the hazards of bomb tests? What risks is it reason- 
able to run?” 
Radiation hazards accumulate. F. A. 8. newsletter, No. 57-4, April 15, 1957: 1f. 
Summary of recent news articles on nuclear testing and fallout. 
Radioactive man. Economist (London) v. 180, July 21, 1956: 206. 
Real power of the super-bomb; radioactive fallout. New republic, v. 131, 
November 8, 1954. 3-4. 
Report on Hiroshima: Thousands of babies, no A-bomb effects. U. S. news 
and world report, v. 38, April 8, 1955: 46-48. 

“From medical records of the only people who have lived through an 
atomic blast. Their children are normal. Radiation burns have healed. 
There’s no radiation blindness.” . 

Robinson, Donald. If H-bombs fall. Saturday evening post, v. 229, May 25, 
1957: 25, 105-118. 

“Exactly how would Americans behave under a thermonuclear attack? 
A special disaster-research team has come up with these surprising answers 
to an urgent question.” . 

Rotblat, Joseph. The atomic challenge; radiological hazards. The new states- 
man and nation (London) v. 50, August 13, 1955: 177-178. 

Discussion of (1) radioactivity, and its distribution resulting from fission; 
(2) radiation damage in a fallout area; (3) radiological hazards involved in 
peacetime uses of atomic energy. 

Round the world tracer; tracing radioactive air masses. Time, v. 67, March 12, 
1956: 73. 

Rovere, R. H. Letter from Washington, perils of thermonuclear warfare. New 
Yorker, v. 31, February 26, 1955: 98-100. 

Rs from the sky; fallout from test, March 1, 1954. Time, v. 65, June 20, 1955: 66. 

Russell, Bertrand, Man’s peril from the hydrogen bomb. The Listener (London) 
v. 52, 1954: 1135. 

Safer H-bomb. U.S. news and world report, v. 41, July 27, 1956: 8. 

Schweitzer, Albert. A declaration of conscience.. Saturday review, v. 40, May 
18, 1957: 17-20. 

Complete text of Dr. Schweitzer’s plea for control over the testing and 
military uses of atomic weapons. Stresses the radiation hazards involved. 
Ped ay in Congressional Record [daily edition], v. 103, May 15, 1957: 

17-6221. 

Sherrod, Robert. The grim facts of the H-bomb accident. Saturday evening 
post, v. 227, July 17, 1954: 20-21 ff. 

“What really happened to those Japanese fishermen who wandered too 
close to the hydrogen blast at Bikini.”’ 

Stapleton, Bill. Navy vs. the H-bomb. Collier’s, v. 134, July 23, 1954: 19-25. 

“The heretofore secret story of 10 warships that were unexpectedly trapped 
in radioactive dust, but saved themselves with a shower of sea water.” 

Stevenson, Adlai E. Why I raised the H-bomb question. Look, v. 21, Febru- 
ary 5, 1957: 23-25. 

“The defeated Democratic candidate warns that H-bomb tests are still ex- 
posing all of us to a substance so lethal that just one spoonful would. poison 
everyone on earth.” 

Seales Michael. The ten-month silence. New republic, v.. 132, March 7, 1955: 


Why did the administration wait 10 months after the H-bomb tests to tell 
the people of the lethal effects of fallout. Author criticizes AEC for its 
emphasis on secrecy, 

Strauss, Lewis L. Truth about radioactive fallout. U.S. news and world report, 
v. 38, February 25, 1955: p. 35-38. : 
Strontium 90, (Editorial) Commonweal, v. 65, March 1, 1957: 556. 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 2031 


valley Boman The nature of nuclear warfare. Air force, v. 40, January 1957: 

Main thesis: “If we so prepare ourselves that a terrible attack could hurt 

us but could not destroy us, then such an attack, I believe, will never come.” 
This dangerous planet. Newsweek, v. 45, January 17, 1955: 52-54. 

This article is a consideration of the following question: ‘Is the lingering 
radiation spread around the earth by past or future H-bombs capable of 
generating [a] biological catastrophe, an insidious weakening of the human 
race, perhaps its extinction?” 

Tunnel to nowhere. Atlantic, v. 199, April 1957: 6, f. 

Article on radioactive waste disposal. 

Unpleasant debate. Newsweek, v. 48, November 26, 1956: 64-66. 

Describes debate among scientists on amounts of strontium 90 that can 
safely be absorbed by humans. 

Same article, abbreviated with title, Will strontium 90 poison the world? 
Science Digest, v. 41, February 1957: 29-33. 

Unseen cloud; Sir Anthony’s Bikini. Economist (London), v. 179, June 16, 
1956: 1077-1078. 

Wedineeal, C. H. Atoms and genes. Nation, v. 183, August 18, 1956: 137- 
140. - . 


Discussion of reports issued by National Academy of Sciences and British 
Medical Council on effects of radiation. Emphasizes dangers of fallout. 
. Peril from A-dust; with editorial comment. Nation, v. 180, February 
19, 1955: 155-157. 


War on the unborn. Economist (London), March 26, 1955: 1072. 

Westergaard, M. Man’s responsibility to his genetic heritage. Bulletin of the 
atomic scientists, v. 11, November 1955: 318, f. 

What the H-bomb fuss is all about. U.S. News and World Report, v. 41, October 

~ 26, 1956: 126-134. 

Statements by Stevenson, Dewey, Dulles, Nixon, and Kefauver. 

What will radioactivity do to our children? U. S. News and World Report, 
v. 38, May 13, 1955: 72-78. 
cates with Dr. H. J. Muller. Biggest danger is in the careless use of 

-rays. 

What you should know about danger from X-rays. U.S. News and World Report, 
v. 40, June 29, 1956: 44-48. 

What’s back of the ‘‘fallout”’ scare. U.S. News and World Report, v. 42, June 7, 
1957: 25-28. 

“Official position is that United States cannot afford to give Russia a 
monopoly on nuclear experiments. 

Why is all the agitation directed against British and American bomb tests— 
and not against the tests conducted by Soviet Russia?” 

White, ae Letter from the East. New Yorker, v. 32, November 3, 1956: 
198-202 ff. 

Wilson, E. Raymond. Japan’s atomic fears. Christian century, v. 74, May 1, 
1957: 553-554. 

This article tells of Japan’s efforts to be the “conscience of the world” 
regarding atomic and hydrogen bomb tests. The author feels that Japan’s 
efforts toward leadership in abandoning such tests and in disarmament are 
not as effective as they might be. 





NEWSPAPER ARTICLES 


Atomic peril cut in fallout data. New York Times, October 13, 1956: 3. 
Report of Dr. Libby’s speech on radiation at dedication of new building of 
American Association for Advancement of Science. 
Baldwin, Hanson W. A military atom problem. New York Times, June 14, 
1956: 14. 
An analysis of the National Academy of Sciences report and the possible 
effect of its findings on defense policies. 
Cahan, William G. Effects of radioactivity. New York Times, October 31, 
1956: 32. 
A physician writes a letter to New York Times on possible role of radio- 
activity in inducing cancer. aoe 
Cowen, Robert C. Atomic radiation: new challenge for humanity? Christian 
Science Monitor, August 3, 1956: 9. ; ie 
Review of reports issued by National Academy of Sciences and British 
Medical Council. 
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Cutler, Robert. Reply to Finletter on the bomb. New York Herald-Tribune, 
October 12, 1956: 1, f. , nk ih P 
Danger level of strontium. New York Times, October 28, 1956: 10E. 

Letter to the editor from eleven Professors of Chemistry, ‘Physics and 
Biology. . 

Phe question of what is to be considered as the maximum permissible 
concentration (M. P. C.) of radioactive strontium in human bone is one 
which probably will not receive a definite answer for many years. It is the 
answer to this question that is the basis of most of the disagreements that 
are not of political origin, * * *” | | 

Engle, William. Radiation—your friend or foe? The American Weekly, 
January 6, 1957: 4-6. ashy 
Fallout of a Soviet bomb. The Times. (London) April 22, 1957: 6. 

Recent Soviet nuclear explosion was of a kind calculated to release the 
maximum quantity of radicactive fission products into the atmosphere, 
observes Professor Shiokawa, of Shizuoka University, Japan. 

Fallout tests at Harwell. The Times (London) May 30, 1956: 7. 

Report on measurements of radioactivity caused by thermonuclear explo- 

sions. 

Fallout: the peril point? Washington Sunday Star, June 2, 1957: A23.: 

Gallup, preanee Public favors H-tests’ halt, ifi—Washington Post, May 19, 
1957; Bd. . 

Germans cite gain in hydrogen fusion. New York Times, March 3, 1957: 22. 

Team of German nuclear physicists working in Hamburg report solution 
of problem of hydrogen fusion without an atomie bomb trigger, a method 
which does not produce radioactive fallout. 

Harsch, gees C. Dangers of fallout. Christian Science Monitor, April 25, 
1957: 1. 


Henry, Thomas R. Does radiation exposure hasten aging? - Washington Star, . 
September 3, 1956: A8. (Vistas in Science). ay . 

Henry, Thomas R. Scientists warn world of genetic atom peril. Washington 

Star, April 23, 1957: A5d. 
_ Account of symposium on genetics at 94th annual meeting of the National 
Academy of Sciences. ae 

Increased radioactive fallout on Britain. Manchester Guardian Weekly, May 
Ol, 1950! Boe ; 

Report of Manchester Guardian’s scientific correspondent of a tour of 
Britain’s Atomic Energy Authority’s Research Establishment at Harwell. 

Mentions methods used to measure fallout. itr y* 

Is fallout good? (editorial). Washington Post, April 27,1957: A12. 

Questions Dr. Libby’s statements on relative harmlessness of fallout. 

Kaempffert, Waldemar. How fallout from atomic explosions could be controlled 
is an unanswered question. New York Times, July 29, 1956: E9. (Science 
in review.) 

Krock, Arthur. H-bomb issue raises problem for voters. New York Times, 
October 21, 1956: E3. 

Lapp, Ralph E. ‘Will radiopoison accompany “Age of Megaton?” Washington 
Post, July 1, 1956: E1, f. 

Discusses effects of remote fallout of invisible radioactive particles carried 
high into stratosphere by force of a bomb explosion. Urges limitation of 
nuclear tests. 

Laurence, William L. Facts on the effects of atomic fallout are being presented 
SR decision, New York times, June 2, 1957: Ell. (Science in 
review. 

. Schweitzer versus atomic authorities on the dangers of weapons testing, 
New York times, April 28, 1957: E11 (Science in review.) 

Navy expanding fallout studies. New York times, December 14, 1956: 19. 

Network of 10 to 12 monitoring stations to study distribution of radio- 
activity in the air to be set up from Greenland to the South Pole by Naval 
Research Laboratory, during International Geophysical Year. 

The nual test issue (symposium). Washington Sunday Star, May 5, 1957: 





Springarn, Jerome. The world gropes for a control plan. 
Amrine, Michael. Strontium is center of debate on tests. 
Libby, Willard F. Actual risk is small. 

Fowler, John M. and Goldberg, Norman. The cautious side. 
Fryklund, Richard. European report: concern but no position. 
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Plumb, Robert K. Geneticists ponder effects of atomic bomb explosions on 
Sas aes Ma New York Times, January 16, 1955: E11. (Science in 
eview. 

“Dr. Alfred. H. Sturtevant of the California Institute of Technology said 
his calculations indicate that 1,800 of the 90 million children born in the 
world in 1954 were adversely affected by radiation from bomb tests.” 

Selove, Walter. No last word yet on nuclear fallout hazard. Washington Post, 
May 5, 1957: E1, f. 
The specter of strontium-90-fallout. The American Weekly, January 6, 1957: 8. 

Attempts to reassure public that strontium-90 released from bombs 
exploded to date is not harmful. 

Texts of Japanese and U. S. notes on tests. New York Times, May 14, 1957: 18. 
- Texts of a note April 29 from Japan on atomic tests and the United States’ 
note of reply. 
Thompson, Dorothy. Contradictions in H-bomb policy; fallout peril minimized 
to calm public and maximized in tests to alert it. Washington Star, July 
25, 1956: A19. 
Tiltman, oe Japan feels intensely on H-tests. Washington Post, February 
24, 1957: ‘ 

“Popular fears of radioactive contamination have passed the bounds of 
scientific evidence and become an emotional issue.” 

Two scientists back tests of H-bombs, New York Times, November 6, 1956: 45. 

Dr. Edward Teller and Dr. Ernest Lawrence declared ‘‘The radioactivity 
produced by the testing program is insignificant.” 

Uz a gets three plans to curb atom tests. Washington Post, January 22, 1957: 

11 


Three proposals laid before U. N. General Assembly’s 80-nation Political 
Committee a few hours after AEC reported that the Russians had set off at 
least their fifth nuclear explosion since August. 

1. Japan, Canada and Norway: Called for advance registration of all 
nuclear tests and for observation of the radiation results by U. N. experts. 

2. Sweden: Proposed that all nuclear explosions be banned until the U. N. 
Scientific Committee on the Effects of Radiation had completed studies now in 
progress. This would amount to a 2-year moratorium. 

3. Philippines: Proposed that Western powers and Russia agree on a 
common testing ground as the only place where nuclear explosions could take 
place. Tests would be registered and each country limited as to number and 
size of explosions permitted in any 1 year. 

Ubell, Earl. Fallout danger seen only if H-war comes. New York Herald- 
Tribune, October 17, 1956: If. 

———. Small X-ray dose kills human cell. New York Herald-Tribune, January 
10, 1957: sec. II, p. 1. . 

Dr. Theodre Puck, biophysics professor of the University of Colorado, 
reported to. a conference on cell biology that human cells could be killed with 
an X-ray dose of 96 roentgens. Previously scientists had believed human 
cells might withstand 300 to 200,000 roentgens. This new finding indicated 
that radiation from X-ray machines and atomic bomb fallout may be more 
dangerous than supposed. 

Unna, Warren. Libby says test fallout won’t be peril in any foreseeable circum- 
stances. . Washington Post, April 27, 1957: 1, f. 
Young, Wayland. Ourselves and the bomb. Manchester Guardian, v. 76, 
March 28, 1957: 3. 
Arguments against Britain’s testing of an H-bomb at Christmas Island. 


PAMPHLETS 


Birkett, Henry 8S. Humanity versus the hydrogen bomb. London, Independent 
Labour Party, [195-], 31 pp. 
Eisenbud, Merril. AEC fallout monitoring network. New York, American 
Institute of Chemical Engineers, 1955 (preprint 192). 14 pp. 

News Chronicle, London. In the shadow of the H-bomb; a reprint of the News 
Chronicle articles of March 1-11 [1955], with additional material [by] 
B. H. Liddell Hart [and others]. London, News Chronicle Book Department, 
1955. 23 pp. 

Nuclear tests, a universal threat. New York, Contemporary Press, 1955, 4 pp. 
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Pace, F. ©. Radioactive fallout from atomi¢ weapons. Toronto, Ontario, 
Canadian Institute of International Affairs, November 1956. 12 pp. (Be- 
hind the Headlines, v. 16, No. 5.) . ) 

Summary of some of the more important reports and articles of the past 
2 years. 

Radiation and mankind’s future. The American forum, v. 19, June 17, 1956, 
11 pp. 

Partiotoatts in radio discussion included Dr. Bentley Glass, Congressman 
Chet Holifield and Dr. Willard F. Libby. Nuclear and thermonuclear tests, 
and fallout: pp. 6-10. 

Radiation hazards: atoms for peace and weapons tests. New York, Interna- 
tional review service, 1956. 21 pp. 

Strauss, Lewis L. The effects of high-yield nuclear explosions. Washington, 
United States Government Printing Office, February 1955,.19 pp. 

Facts about radiation as they relate specifically to the atomic tests 
conducted in Nevada, Washington, United States Government Printing 
Office, April 15, 1955. 12 pp. _. | 

Statement before the Joint Committee on Atomic Energy. . 

Teichmann, Horst. Weather influence of atomic explosions as a disturbance to 
the periodic flow in the stratosphere. Naturwissenschaften (Berlin) 1954. 1 p. 

Weaver, Warren. Radiations and the genetic threat. [Philadelphia] Franklin 
Institute, 1957: 283-294. ; 

Reprinted from Journal of the Franklin Institute, v. 263, April 1957. 
1956 Philip C. Staples Memorial Lecture, delivered at the stated meeting 
of the Franklin Institute, Wednesday, November 21, 1956. 

Wexler, Harry. Nuclear explosions and weather. Washington, D. C., United 
States Weather Bureau, 1955, 9 pp. 

Statement for the Joint Congressional Committee on Atomic Energy. 





SPEECHES AND OTHER UNPUBLISHED MATERIAL 


AEC issues effective regulation on standards for protection against radiation, 
Washington, United States Atomic Energy Commission, January 25, 1957. 


4 pp. 

Code of Federal Regulations, Part 20 “Standards for Protection against 
Radiation” (10 C. F. R.) attached. 

Atomic Scientists Association, Great Britain. Statement on strontium hazards. 
{[London, England, 1957], 7 pp. _Mimeographed. 

“Calculations * * * show that an H-bomb of the type tested at Bikini 
in 1954, if exploded high in the atmosphere, may eventually produce bone 
cancers in 1,000 people for every million tons of TNT of equivalent explosive 
power * * *, These thousand casualties would be spread all over the world 
and occur in the course of several decades.”’ 

Bugher, John C. Radiation and human health. [New York?, 1956], 13 pp. 
Mimeographed. 

Talk presented before the Forum Session on “World Health Goals’’ at 
the Fourth Annual meeting of the National Citizens Committee for the 
World Health Organization, November 14, 1956 at the Ambassador Hotel, 
Atlantic City, N. J. 

Bugher, John C. Tomorrow’s atom and you. Washington, United States 
Atomic Energy Commission, 1955, 8 pp. Mimeographed. 
oh eee for delivery to National Health Council, New York City, March 

Dunning, Gordon. Immediate radiations from a nuclear detonation. Washing- 
ton, United States Atomic Energy Commission, November 15, 1956, 15 pp. 
Mimeographed. 

Remarks prepared for delivery before the Washington Academy of Sciences, 

_ Washington, D. C., November 15, 1956. 

Hisenbud, Merril. Global distribution of radioactivity from nuclear detonations, 
with special reference to strontium—90. Washington, United States Atomic 
Energy Commission, November 15, 1956, 19 pp. . Mimeographed. 

Remarks prepared for delivery before the Washington Academy of Sciences, 

_ Washington, D. C., November 15, 1956. 

Hisenhower, Dwight D. Statement [on nuclear weapons]. Washington, D. C., 
October 24, 1956, 9 pp. Mimeographed. 

Reprinted in New York Times, October 24, 1956: 18, f.; also U.S. News and 
World Report, v. 41, November 2, 1956: 148-151; Department of State bulle- 
tin, v. 35, November 5, 1956: 704-709. 


; 
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Health and safety procedures established for 1957 series of nuclear tests in Nevada, 
Washington, United States Atomic Energy Commission, May 13, 1957, 11 pp. 
Mimeographed. 

Libby, Willard F. The Atomic Energy Commission and national security. 
Washington, United States Atomic Energy Commission, 1954. Mimeo- 


graphed. 
Speech given before the Washington Conference of Mayors, December 2, 
54. 





Isotopes in meteorology. Washington, United States Atomic Energy 

Commission, March 20, 1957, 30 pp. 

Describes Project Sunshine for measurement of mixing of particulate 
matter in stratosphere and troposphere by use of bomb fallout products, 
particularly Sr °° and Cs137. Mimeographed. 

Remarks prepared for delivery before the American Meteorological 
Society, Chicago, Ill., March 20, 1957. 

Letter dated April 25, 1957, to Dr. Albert Schweitzer, Lambarene Hos- 

pital, Lamberon, Gabon, French Equatorial Africa. 

The radioactive fallout. Washington, United States Atomic Energy 

Commission, 1955, 8 pp. 

Speech given at Annual Meeting of National Association of State Civil 
Defense Directors, November 3, 1955. 

. Radioactive fallout. Washington, United States Atomic Energy Com- 

mission, 1957, 24 pp., charts. Mimeographed. 

Speech given before the spring meeting of the American Physical Society, 
-Washington, D. C., April 26, 1957. To be published in the proceedings of 
the National Academy of Sciences within a few months. 

Radioactive fallout from nuclear tests. Washington, United States 
Atomic Energy Commission, 1957, 8 pp. (Press release.) _Mimeographed. 

Remarks prepared for delivery before the University of New Hampshire 
Distinguished Lecture Series, Durham, N. H., April 11, 1957. 

Lieberman, Joseph A. Engineering aspects of the disposal of radioactive wastes 
from the peacetime applications of nuclear technology. Washington, United 
States Atomic Energy Commission, November 16, 1956, 14 pp. 

Remarks prepared for delivery before the Engineering and Sanitation, 
Laboratory, and Occupational Health Sections, American Public Health 
Association, Friday, November 16, 1956, Atlantic City, N. J. 

Manly, Charles G. Radiation hazards in the atomic energy program. Wash- 
ington, United States Atomic Energy Commission, May 14, 1956, 9 pp. 
Mimeographed. 

Remarks prepared for presentation before Eastern New York Chapter, 
American Society of Safety Engineers, Latham, N. Y., Monday, May 14, 
1956. 

Murray, Thomas E. Morality and security—the forgotten equation. Wash- 
ington, United States Atomic Energy Commission, November 10, 1956, 
11 














pp. 

“No tests should be held of weapons whose magnitude would exceed the 
upper limit which we must set to the size of our nuclear weapons. Second, we 
should accelerate the testing of a wide range of weapons in the lower order 
of nuclear force.’?’ Mimeographed. 

Remarks prepared for delivery before the Catholic Association for Inter- 
national Peace, Trinity College, Washington, D. C., November 10, 1956. 

Murray, Thomas E. Some things the world should understand about H bombs. 
Washington, United States Atomic Energy Commission, November 17, 1955, 
11 pp. Mimeographed. 

Remarks prepared for delivery at the Golden Jubilee dinner of Fordham 
Law School, Waldorf-Astoria Hotel, New York, November 17, 1955. 

Newell, John F. Handling and disposal of radioactive wastes. Washington, 
peace Ae Atomic Energy Commission, April 25, 1957, 12 pp. Mimeo- 
graphed. 

Remarks prepared for presentation before the Annual Conference of the 
American Industrial Hygiene Association, St. Louis, Mo., April 25, 1957. 

Satterfield, W. J. Some aspects of radiation hazards. Washington, United 

States Atomic Energy Commission, October 25, 1956, 12 pp. Mimeographed. 
Remarks prepared for presentation before New York Chapter, American 
Society of Insurance Management, October 25, 1956. 
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Shilling, C. W. Everybody’s business. Remarks prepared: by C. W. Shilling, 

D., Deputy Director, Division of Biology and Medicine; United States 

Atomic Energy Commission, for presentation at Hunter College, February 

20, 1957, at the Symposium on Radiation Hazards to Mankind, sponsored 

by Hunter College, Graduate Division, and Sloan-Kettering Institute for 

eee Research. Washington, United States Atomic Energy Commission, 
1957, 21 pp. Mimeographed. 

States that we must continue to live with radioactive fallout, for we must 
continue testing of nuclear weapons. Must gamble with the probability of 
radiation damage to a few individuals in order to secure survival of the total 
society. | 

Strauss, lewis L. Statement [on fallout, after Marshall Islands tests] Washing- 
ton, United States Atomic Energy Commission, July 19, 1956, 1 p. Mimeo- 
raphed. 
We are convinced that mass hazard from fallout is not a necessary comple- 
ment to the use of large nuclear weapons.” 
Sturtevant, A. H. The genetic effects of high-energy irradiation of human popu- 
lations. Pasadena, Calif., California Institute of Technology, 1955, 12 pp. 
_Address given January 11, 1955, California Institute of Technology. 
United States Library of Congress. Legislative Reference Service. Eisenhower 
statements on atomic weapons, atomic war and fallout in 1956. Washington, 
May 7, 1957, 12 pp. Typewritten. 
. Hydrogen bomb tests: the arguments for and against; by 
Margaret E. Urist. Washington, D. C., May 31, 1956, 18 pp. Typewritten. 
Warren, Shields. [Telegram to Lewis L. Strauss to correct Adlai Stevenson’s 
statement of October 15, 1956, regarding dangers of strontium 90 from bomb 
testing] Washington, United States Atomic Energy Commission, October 17, 
1956, 2 pp. 

“Dr. Warren is scientific director of the Cancer Research Institute of New 
England Deaconess Hospital * * * one of the Nation’s outstanding author- 
ities on medical radiology, biology and pathology.”’ 

“From genetic standpoint, radioactive fallout including strontium 90 has 
given only small dose to date as compared with dose from naturally occurring 
and‘ hence unavoidable background radiation. If weapons testing continues 
at present rate for 30 years, genetic dose still insignificant and only fraction 
of background.” . 








TECHNICAL REPORTS 


Agricultural and biological investigations pertaining to contamination by fission 
products (miscellaneous papers). Oak Ridge, Tenn., United States Atomic 
Energy Commission, Technical Information Service, 1954, 22 pp. (Foreign 
Weapons Effects Report 10). 

Material received from the United Kingdom, in connection with the 
Tripartite Conference in Washington, February 15 to 19, 1954, on the 
effects of Atomic Explosions on Human Beings and Their Environment, 
under area 2 of the Technical Cooperation Program.. Complete transcripts 
of the proceedings of the 5-day conference are on file in the Classified Tech- 
nical Library, AEC, and in the Armed Forces Special Weapons Project 
Headquarters, Washington, D. C. 

Bell, Carlos G. Sanitary engineering aspects of long-range fallout from nuclear 
detonations. (Thesis) Oak Ridge, Tenn., United States Atomic Energy 
Commission, 1955, 248 pp. (NYO-4654). . 

. Available from the Office of Technical Services, Department of Commerce. 

Bradshaw, R. L. and Cottrell, W. D. Atomic weapons test fallout at ORNL 
on March 19, 1953. Oak Ridge, Tenn., Oak Ridge National Laboratory, 
1953, 5 pp., photos. 

Brookhaven National Laboratory, Upton, N. Y. A study of the airborne radio- 
activity at Brookhaven National Laboratory from the Nevada Tests, March 
through June 1953. Upton, N. Y., November 1953 (BNL 252 (T39)). 

Routine and special observations were made at Brookhaven on the radio- 
activity in settled dust and rainwater during the Nevada tests in the spring 
of 1953, together with some meteorological interpretation. It was estimated 
that 30.2 curies of activity were deposited on the 25.9X10° square mile 
Brookhaven site during the 4-month period; Results of various monitoring 
devices are given. Rain samples were investigated for solubility of fission 
products. Using Whatman-4] filter (efficient down to 0.7) 27.5 percent of 
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activity in residue, 72.5 percent in filtrate. Using Whatman-41 and HA 
molecular filter (efficient down to 0.2u) 83.4 percent of activity in residue, 
16.6 percent in filtrate, indicating significant portion of activity on particles 
between 0.2:and 0.7 uw. Other studies on solubility of fallout and on varia- 
tion in rainout during course of storm, also gamma energy spectrum of 
rainout. 
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Summary and observations on radioactive fallout detected in the 
precipitation and dust during November and December 1952. January 16, 
1953 (unpublished). 

An increase in radioactivity was noted in routine Brookhaven surveys in 
the second week of November 1952. Radioautographs showed little evidence 
of specific centers of activity but showed slight clouding of the film after 
4 days’ exposure, indicating. that most of the particulate “activity was from 
very small particles. Total activity estimated to have fallen on the 25.9X 
10° em? laboratory site during the 2-month period, November—December 


1952, was: 
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.. Twelve-month postexposure survey on Marshallese exposed to 
fallout radiation, by E. P. Cronkite and others. Upton, N. Y., August 1955, 
15 pp. (BNL-384). 

Available from Office of Technical Services, United States Department of 
Commerce. 
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United States Naval Medical Research Institute, Bethesda, 
Md. Medical survey of Marshallese 2 years after exposure to fallout radia- 
tion, by R. A. Conard.and others. Upton, N. Y., March 1956, 18 pp. 
(BNL-412). 

Available from Office of Technical Services, United States Department 
of Commerce. 

The medical survey of the Rongelap people 2 years after exposure to fallout 
radiation shows that the people appear to have been in a generally good 
state of health and nutrition. 

Bugher, John C. The medical effects of atomic blasts. Washington, United 
States Government Printing Office, 1954, 14 pp 

Speech delivered at the 7th Annual Industrial Health Conference in 
Houston, Texas, September 23, 1954. 

California. University. Radiation Laboratory. California cattle thyroid ac- 
tivity associated with fallout, 1955, by Margaret R. White and Ernest L. 
_ Dobson. Berkeley, Calif., 1956, 14 pp. 

Evidence is presented which appears to indicate that the radioactivity 
was taken into the body of cattle through food. 

—— .. Confirmation of radioactivity in thyroids_ of. various animals, 
July 15 to September 10, 1954, by Ralph L. Gunther and Hardin. B. Jones. 
. Berkeley, Calif,, September 1954, 12 pp. . 

Addendum, September 1954, 5 pp. 

A summary and evaluation of the problem with reference to 
humans on radioactive fallout from nuclear detonations, by Hardin B. Jones. 
Berkeley, Calif., January 14, 1957, 38 pp. (UCRL-3644). 

California. University. University at Los Angeles. Atomic Energy Project. 
Recommendations for civil defense relative to radiological safety, by Andrew 
H. Dowdy. Los Angeles, Calif., February 15, 1951, 57 pp. (UCLA-118). 

A factual, simple explanation of the atomic bomb phenonomena, specifically 
relating to radiation hazards under various conditions of detonation. 

WG Available from Office of Technical Services, United States Department of 
- Commerce. . 
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. Soil-plant interrelationships with respect to the uptake of fission 
products. I. The uptake of Sr 90, Cs 137, Ru 106, Ce 144, and Y 91, by 
James W. Neel and others. Oak Ridge, Tenn., United States Atomic 
Energy Commission, Technical Information Service, March 9, 1953, 44 pp. 
(UCLA-247). aly, 

Available from Office of Technical Services, United States Department of 
Commerce. . 

Chicago University. Enrico Fermi Institute for Nuclear Studies. The Chicago 
sunshine method; absolute assay of strontium-90 in biological materials, soils, 
waters, and air filters, by E. A, Martell, Chicago, May 1956, 65 pp. 
(AECU-8262). 

Available from Office of Technical Services, United States Department of 
Commerce. 








. Strontium-90 concentration data for biological materials, soils, 
waters, and air filters. Project sunshine bulletin No. 12, by E. A. Martell. 
Oak Ridge, Tenn., Technical Information Service Extension, August 1, 1956, 
67 pp. (AECU-3297 Rey.). 

Results obtained since December 1, 1955 are presented for strontium-90 
analyses of samples of. biological materials. Data are tabulated on fresh 
milk and cheese, soil samples, rain, snow and surface waters, and air filters 
collected from various parts of the world. 

Cronkite, Eugene P., and others eds. Some effects of ionizing radiation on human 
beings. Washington, United States Atomic Energy Commission, 1956, 106 
pp. (TID-5358). : 

A report on the Marshallese and Americans accidentally exposed to radia- 
tion from fallout and a discussion of radiation injury in the human being. 

From the Naval Medical Research Institute; U. 8S. Naval Radiological 
Defense Laboratory, San Francisco; and Medical Department, Brookhaven 
National Laboratory, Upton, N. Y 

Dale, G. C. Safety levels for contamination from fallout from atomic weapons 
trials. Oak Ridge, Tenn., United States Atomic Energy Commission, 
Wakes Information Service, 1957, 21 pp. (Foreign Weapons Effects Report 
107). 








Originally issued by United Kingdom Atomic Energy Authority Atomic 
Weapons Research Establishment as AWRE Report No. O-41/55. 

Flocker, William J. The absorption of radioactive strontium by certain crop 
plants as influenced by the chemical properties of some Arizona soils. Ann 
Arbor, University Microfilms, 1955. Bibliography: p. [94]-98. (Microfilm 
AC-1 No. 12,288.) 3 | 

Hanford Atomic Productions Operation, Richland, Wash. The absorption by 
plants of beta-emitting fission products from the Bravo soil, by A. A. Selders 
land others]. Richland, Wash., December 20, 1955, 10 pp. 

Barley and bean plants were grown to maturity in soil from a Pacific 
island which contained fallout material from a thermonuclear explosion. 

» ————. A comparative study of Hanford and Utah range sheep, by 
L. K. Bustad [and others] Richland, Wash., November 30, 1953, 44 pp. 
(Contract W-31-109-Eng-52). : 

Observations made on sheep representing flocks in Utah adjacent to Nevada 
Proving Ground compared with findings made on experimental sheep ex- 
posed to various amounts of radioiodine. The Utah sheep showed no evi- 
dence of the radiation damage observed in experimentally treated sheep. 
Estimations on amounts of radioiodine on vegetation required to cause serious 
damage following a contamination event are included. 

Harley, John H., ed. Operation Troll; joint preliminary report, United States 
Atomic Energy Commission [and] Office of Naval Research. New York, 
United States Atomic Energy Commission, New York Operations Office, 
1956, 41 pp. (N YO-4656). 

“Operation Troll was a joint undertaking of the AEC and ONR to evaluate 
residual radioactivity in the Pacific Ocean a year after the Pacific nuclear 
tests held in the spring of 1954 * * *, Widespread low-level activity was 
found in sea water, plankton and fish samples, but none of the levels was high 
enough to cause concern as a possible hazard.” 

- and others. Summary of analytical results from the HASL strontium 

program to June 1956. New York, United States Atomic Energy Com- 

mission, New York Operations Office, 1956, 38 pp. (NYO-4751). 
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Hawaii. University. Hawaii Marine Laboratory, Honolulu, Hawaii. Radio- 
isotope uptake in marine organisms with special reference to the passage of 
such isotopes as are liberated from atomic weapons through food chains 
leading to organisms utilized as food by man. Annual report, 1954-55. 
Oak: Ridge, Tenn., United States Atomic Energy Commission, Technical 
Information Service, September 1, 1955, 47 pp. (AECU-3079). 

Available from Office of Technical Services, United States Department of 
Commerce. 

Hicks, E. P. and Penney, W. G. The base surge: the mechanism of fallout. 
Oak Ridge, Tenn., United States Atomic Energy Commission, Technical In- 
formation Service, 1954, 24 pp. (Foreign Weapons Effects Report 19). 

Originally issued by United Kingdom Department of Atomic Energy. 
Atomic Weapons Research Establishment as Paper No. 14 of Symposium, 
The Physical Effects of Atomic Weapons. 

Johns Hopkins University. Operations Research Office, Chevy Chase, Md. 
Some civil defense problems in the Nation’s capital following widespread 
nuclear attack, Chevy Chase, Md., November 1956, 43 pp. (ORO-SP-1). 

‘Knolls Atomic Power Laboratory, Schenectady, N. Y. Determination of radio- 

active fallout, by J. J. Fitzgerald. Schenectady, N. Y., 1956, 25. pp. 

(KAPLI-1489). 

Available from Office of Technical Services, United States Department of 

Commerce. 

Evaluation of the effects of atomic bomb detonations in the 

State of Nevada on airborne contamination at Knolls Atomic Power Labora- 

tory, Knolls site and environs, by L. J. Cherubin. Schenectady, N. Y., 

May 7, 1951, 15 pp. (KAPL-559). 

. Method for evaluating radiation hazards from a nuclear inci- 
dent; by J. J. Fitzgerald, and others. Schenectady, N. Y., 1954, 53 pp. 
(KAPL-1045). 

Available from Office of Technical Services, United States Department of 

* Commerce. 




















Quarterly report of KAPL environmental monitoring radio- 
logical services sub-unit, April, May, June, 1953. Schenectady, N. Y., 
1953. (KAPL-1008). . 

High fission-product activity was found following heavy rain on April 26, 
1953. Measurements at ground level, 3-50 mrep/hr. Fission product 
contamination on vegetation ranged to 2.2X10-uc/g, Radioiodine 
4X10-5uc/g. Soil contamination reached 9X10-‘uc/g. Fission product 
activity in the rain ranged to 4.3 10-‘ue/cc. On June 7, rainfall contamina- 
tion of 1.9X10_5yc/cc. was observed. 

Martin, Dudley C. The absorption and translocation of radiostrontium by the 
leaves, fruits and roots of certain vegetable plants. East Lansing, Mich., 
Michigan State College of Agriculture and Applied Science, 1954, 133 pp. 

Thesis for the degree of Ph. D. 

Maryland University. Bureau of Business and Economic Research. Baltimore 
and the H-bomb. College Park, 1955, 16 pp. 

Massachusetts Institute of Technology. Engineering Practice School, Oak Ridge, 
Tenn. Permanent methods of radioactive waste disposal: an economic 
evaluation, by A. C. Herrington [and others]. Oak Ridge, Tenn., March 11, 
1953, 50 pp. (K-1005). 

Nine proposed methods for permanent disposal of radioactive waste ma- 
terials are discussed and evaluated. Bibliography of 82 references. 

Sedgwick Laboratories of Sanitary Science. The removal of radioactive 
fallout from water by municipal and industrial water treatment plants, by 
Robert A. Lauderdale and Rolf Eliassen. Cambridge, Mass., March 1, 
1956, 79 pp. (contract AT (30-1)-621). 

Menzel, R. G. and Brown, I. C. Removal of radioactivity from soil by leaching 
Washington, D. C., United States Department of Agriculture, 1953, 4 pp. 

Michigan. State College of Agriculture and Applied Science, East Lansing, Mich. 
The absorption and distribution of radiostrontium (Sr 89) and radioruthenium 
(Ru 103) in certain vegetable crops (thesis), by Charles Glenn Johns. Oak 
Ridge, Tenn., United States Atomic Energy Commission, Technical Informa- 
tion Service, September 1955, 33 pp. . (AECU-3101). | 

Available from Office of Technical Services, United States Department of 
Commerce. i 
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. Growth and accumulation of radioactivity in plants grown on 

“fission fallout’’? contaminated soil, by William G. Long [and others]. Oak 
Ridge, Tenn., United States Atomic Energy Commission, Technical Informa- 
tion Service, June 9, 1955, 7 pp. (AECU-3039). 

Available from Office of Technical Services, United States Department of 
Commerce. 

National Academy of Sciences. The biological effects of atomic radiation; 
gonadal dose from the medical use of X-rays, by J. S. Laughlin and I. Pull- 
man, Washington, D. C., March 1957, 105 pp. 

National Research Council. The biological effects of atomic radiation. A 
report to the public. Washington, D. C., 1956, 40 pp. 

. The biological effects of atomic radiation. Summary reports. Wash- 

ington, D. C., 1956, 108 pp. 

Pathological effects of atomic radiation. Washington, D. C., 1956, 
various paging. (Publication No. 452.) . 

Neel, J. V. and Schull, W. J. The effect of exposure to the atomic bombs on 
pregnancy termination in Hiroshima and Nagasaki. Washington, National 
Academy of Sciences, 1956, 241 pp. (National Academy of Sciences Pub- 
lication No. 461.) 

New York Committee on Atomic Information, Ine. Biological, medical, and 
health effects-and implications of atomic energy in New York City, [April 
26, 1949]; eight exploratory meetings held at the Academy of Medicine, 
New York City, by M. 8. Levine and L. C. Longarzo. New York, June 23, 
1950, 34 pp. (AEC File No. NP-1427). ) 

Review and appraisal of the use of radioactive isotopes in biological, 

medical and health areas, Bibliography of open literature and AEC reports 
included. any 

Oak Ridge National Laboratory, Oak Ridge, Tenn. External and internal 
exposure to ionizing radiation and maximum permissible concentration 
(MPC) of radioactive contamination in air and water following an atomic 
explosion, by. K. Z. Morgan and C. P. Straub. Oak Ridge, Tenn., United 
States Atomic Energy Commission, Technical Information Service, April 4, 
1952,17 pp. (AECU-2332). 

If an atomic bomb is exploded at sufficient elevation to take full advantage 
of blast and thermal effects, there ordinarily will not be an appreciable amount 
of surface radioactive contamination. 

Symposium on effects of radiation and other deleterious agents 

on embryonic development, given at research conference for biology and 

medicine of the Atomic Energy Commission, sponsored by the Biology 

Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, April 20, 

21, 1953: [Philadelphia, Wistar Institute of Anatomy and Biology, 1954], 


337 pp. 

Ohio State University, Columbus, Ohio. Office of Radiation Safety. Health 
physics conference; June 13, 14 and 15, 1955. - Columbus, Ohio, 1955, 224 pp. 

Princeton University, Princeton, N. J. The nature of atmospheric dust: radio- 
active and electron measurements on fallout on Princeton, New Jersey, 
October 21, 1954, to August 10, 1955, by Clarence Heininger and John 
Turkevich. Princeton, N. J., 1955, 24 pp. . | 

Rainey, C. T., and others. Study of the dispersal of radioactive aerosols over 
California. Sacramento, Calif., Office of Civil Defense, 1951. 

Air samplers were set, up in 19 localities throughout the state during the 
period of the Nevada tests. Cooperation in operating the samplers was 
secured from local Health Departments, and stations of the United States 
Weather Bureau, the Civil Aeronautics Administration, and the Plant 
Quarantine Service. Thé samplers were operated continuously from October 
6 to December 5, 1951, except for a short period between the two test series in 
November. 

The Rand Corporation. A catalog of fallout patterns, by S. M. Greenfield [and 
others] Santa Monica, Calif., 1956, charts. 

Consists of 26 carefully computed fallout patterns with instructions for 
matching them approximately to a:given yield and wind condition. 
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. Effects of environment in reducing dose rates produced by radioactive 
fallout from nuclear explosions, by J. E. Hill. Santa Monica, Calif., 1954, 
10 pp.. (Research Memorandum 1285-1). 

“Krom the standpoint of civilian defense against very heavy fallout con- 
tamination it would be important to select such safe locations [underground 
areas] prior to an attack and educate the public to their utilization, in case of 
a fallout emergency situation.” 

. A mathematical model of the phenomenon. of radioactive fallout; by 

R. R. Rapp, Santa Monica, Calif., June 15, 1956, 14 pp. (P-882-AEC). 

Worldwide effects of atomic weapons. Project Sunshine. Santa Mon- 
ica, Calif., c 1956, 96 pp... (R-251-AEC). 

“This preliminary report discusses the various aspects of long-range con- 
tamination due to the detonation of large numbers of nuclear devices. An 
improved methodology for assessing the human hazard is developed, and an 
extensive experimental program is proposed. 

. Report represents the 1953 estimate of the fallout problem.” 

Ratner, ‘Benjamin. Winds and fallout: a climatological appraisal. Washington, 
United States Department of Commerce, Weather Bureau, June 1955, 19 pp. 

Rensselaer Polytechnic Institute, Troy, N. Y. The fate of fission products 
deposited in the reservoirs of the Troy, New York, area following nuclear 
-detonations during the spring tests (at Yucca Flats, Nevada) of 1953, by 
E. J. Kilcawley [and others], Troy, N. Y., December 16, 1953, 152 PP. (Con- 
tract AT (30-1) 1556). 

Rochester, N. Y. University. Atomic Energy Project. Hemolytic effect of 
Somat aha, R. Davis {and others], Rochester, N. Y., November 15, 1949, 

pp —99). 

Observations on the effect of total body radiation of dogs in single doses 
of 150 and 250 r on the red blood corpuscles; observations on the effect of 
x-radiation in doses ranging from 10 to 20,000 r on heparinized blood from 
a normal human donor exposed in-vitro.. 37 references included. 

-—_—_-— ——-—. Medical aspects of civil defense against atomic weapons, by 
fCEeiD). Bale and others. Rochester, N. Y., September. 1, 1950, 265 pp 
-11 

Available from Office of Technical Services, United States Department of 

Commerce. 














. A unit for exposing animals to. radioactive dusts. Rochester, 
N. Y., January 17, 1957, 47 pp. (Report No. UR-309). 

Satter, Lloyd R. and Straub, Conrad. The distribution of radioactivity from 
rain. _ Cincinnati, Ohio, United States Public Health Service, Robert A. 
Taft Sanitary Engineering Center, 1957, 18 p. : Mimeographed. 

a presentation at the American ie sadey kita’ Union Meeting, Washington, 

D. C., April 29 to May 1, 1957. 

Setter “Lloyd RR. and Goldin, A. 8. Radioactive fallout studies in surface waters, 
Cincinnati, Ohio, United States Public Health Service, Robert A. Taft Sani- 
tary Engineering Center, April 5, 1955. 

Between March 10 and N ovember a 1954, 79 rain and 6 dust ‘samples 
were collected in Cincinnati, and measured for beta activity. A total of 
0.53 ue per square meter was deposited during the period. The.maximum 

+. accumulated activity at any one time was 0.125 uc/M? and by November.16 
0.07 we/M remained from 1954 deposition, due. to decay. An additional 

0.0127 pe/M?. theoretically remained from 1953. deposition...: Vegetation, 
roofing, dust, etc., was 2 to 1,000 times more active than. the rain... Non- 
filterable activity in rain averaged from 46 to 69 percent of total, individual 
values ranged from 18 to 91 percent. Maximum rainfall activity 10.6 
puc/ml on March 13. Studies of activity in cisterns.and pond. Monthly 
pete pond. activity ranged from 28 to 230 puc/ml, 57.to 92 percent non- 
erable. 

Sparrow, Arnold H. and Rubin, B,.A. Effects of radiation on biological systems, 
Oak Ridge, Tenn., Technical Information Service, 1955, 53. p 

U.S. Air Force. Radioactivity fallout plots. .. Washington, Air Weather Service, 
Military Air Transport Service, June 1956, 39 p.-.. 

U. S. Armed Forces Special Weapons Project. Dosage and dose- rate curves of 
residual radiation based on multiple decay of gross fission products. Wash- 
ington, D, C., 1951, 20 p. 
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Radiological defense. Washington, D. C., United States Gov- 

ernment Printing Office, 1948, 3 v. 

U.S. Army. Disposal of radioactive material. . Washington, United States Goy- 
ernment Printing Office, 1956. 3p. (Army Regulation 755-380.) 

———. Chemical Center. Chemical and Radiological Laboratories. Appli- 
cation of reciprocity to gamma-ray shielding studies. Special report covering 
May 1955 to October 1955, by Ralph R, Fullwood and Donald R. Roberts, 
19 p. 

Deals with shielding from fallout. . ; 

U. 8. Army Institute of Pathology. Statistical analysis of the medical effects of 
the atomic bombs. From the Report of the Joint Commission for the In- 
vestigation of the Effects of the Atomic Bomb in Japan, by Ashley W. 
Oughterson [and others], April 19, 1951. Oak Ridge, Tenn., United States 
Atomic Energy Commission, Technical Information Service, February 28, 
1955, 288 p. (TID-5252.) 

Formerly issued as NP-3040, Medical effects of atomic bombs; the report 
of the Joint Commission for Investigation of the Effects of the Atomic Bomb 
in Japan; volume V. ; 

A detailed statistical analysis of the medical histories of 6882 individuals 
in Hiroshima and 6621 in Nagasaki who were alive 20 days after the atomic 
bombings. ; 

Available from Office of Technical Services, United States Department of 
Commerce. 

U.S. Atomic Energy Commission, Assuring public safety in continental weapons 
tests. Washington, United States Government Printing Office, 1953, 210 p. 

. Biological effects of external x and gamma radiation, by R. E. 

Zirkel, Oak Ridge, Tenn., Technical Information Service, August 1956, 

477 p. (TID-5220). 

; Pisa of radiological safety criteria and procedures for public pro- 
tection at the Nevada test site, by Gordon M. Dunning. Washington, D. C., 
February 1955, 75 p. (WASH-290). 

The effects of atomic weapons. Washington, United States Government 

Printing Office, June 1950, 456 p. 

. The effects of high-yield nuclear explosions; statement by Lewis L. 

Strauss, Chairman, and A report by the United States Atomic Energy Com- 

mission. Washington, United States Government Printing Office, 1955, 19 pp. 

Report of off-site radiological safety activities, Operation TEAPOT, 

Nevada test site, Spring 1955. Prepared for the Test Division, Santa Fe 

ssn ta Office, by J. B. Sanders [and others]. [Las Vegas, Nev.?] 1955, 

5 




















Safety levels for contamination from fallout from atomic weapons trials. 
Oak Ridge, Tenn., Technical Information Service Extension, April 12, 1957, 
21 pp. (Foreign Weapon Effects Reports, 107). 
Sanitary engineering aspects of the atomic energy industry. A seminar 
sponsored by the AEC and the Public Health Service, held at the Robert 
A. Taft Engineering Center, Cincinnati, Ohio, December 6-9, 1955. Oak 
Ridge, Tenn., Atomic Energy Division, Technical Information Service 
Extension, 1956, 2 v. aI, 
Meteorology and atomic energy. Washington, United States Govern- 
ment Printing Office, July 1955. 169 pp. 
. Semiannual reports. Washington, United States Government Printing 
Office, 1953: 

13th semiannual report, January 1953. Describes the mobile and fixed 
monitoring networks in operation for the Nevada tests of spring 1952. 

14th semiannual report July 1953. Radioactivity from Nevada, tests: 
48-52. Discusses fallout from spring 1953 tests, Highest off-site radiation 
level in populated areas was a 13-week exposure of 9 r, lifetime theoretical 
maximum dose of 13 r, near Bunkerville, Nev. 

15th semiannual report, January 1954. Effects of tests on animals: 50-51. 

16th semiannual report. July 1954. Radiation exposures in recent 
weapons tests: 51-54. Effects of fallout on Mashallese and on Japanese 
fishermen. 

17th semiannual report, January 1955. Residents of Marshall Islands: 
43-44. Radiobiology conference in Japan: 44. 

oe semiannual report, July 1955. Fallout during Operation Teapot: 
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19th semiannual report, January 1956. Long term effects of fallout from 
nuclear weapons: 69-72. 

20th semiannual report, July 1956. Radiation effabta and treatment: 
104-115. 

21st semiannual report, January 1957. Fallout after Eniwetok tests and 
its effects on natives and servicemen: 112. Radioactive wastes: 151-161. 
. United States sea disposal operations; a summary to December 1956, 
by Arnold B, sia Washington, D. C., 1957, 9 pp. (WASH-734). 

. Los Alamos Scientific Laboratory. A hand method for the computa- 
tion of fallout patterns. Los Alamos, N. Mex., March 1956, 44 pp. (LAMS- 
2019). 














. Removal of papopenty fallout from water by municipal and in- 
dustrial water treatment plants, by R. A. Lauder and Rolf Eliassen. New 
York, March 1, 1956, 79 pp. (N YO-4441). 

. Health and Beaty Division. Dust and precipitation sampling 
program, April-through June 1951. New York, 1951. 

A network of trays for collecting and filtering settled dust and precipita- 
tion was established at 10 stations, principally in the Northeastern United 
States, during the 1951 Pacific test series. Air filter sampling was also at- 
tempted, but at the sampling rate of 1 cfm no significant radioactivity was 
found. The maximum tray activity was slightly over 1000 d/m/ft?/day of 
beta activity at Rochester, N. Y., on April 12, 1951. 
sae Survey of fallout of radioactive material following the Las 
Vegas, Nevada test explosion. New York, February 27, 1951. 

Radioactivity was reported in snow in the northeastern United States dur- 

ing the Nevada tests of January and February 1951. Snow and rain samples 
were collected on February 2 and 3 and again on February 6-9. _ Activity-in 
filtrate and residue was measured, the highest total activity found was 25,300 
d/m/1, corrected to February 2, 1951, at Hannibal, N. Y., in a sample ‘cols 
lected on February 3. 
. Health and Safety Laboratory. Description of fallout monitoring 
system used at Health and Safety Laboratory. [New York, N. Y., n..d.], 6 pp. 
Fallout countermeasures for AEC facilities, by Alfred J. 
Breslin and Leonard R. Solon. Oak Ridge, Tenn., Technical Information 
Extension, 1955, 42 pp. 

Available from Office of Technical Services, United States Department of 
Commerce. 
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. Radioactive debris in North America from Operation 
TEAPOT, by Daniel Lynch. New York, August 1955, 6 pp. (N YO-4659). 

Total fallout from the spring, 1955, Nevada tests as observed at over 100 
stations in North America for the period of February 18 through May 20, 
1955, is given. Fallout in the United States ranged from 3.1 millicuries per 
square mile at Ely, Nev., extrapolated to January 1, 1956. (Data in the 
immediate vicinity of the tests are not given.) 

. Radioactive fallout in North America from Operation 
TEAPOT, by R. J. List. Oak Ridge, Tenn., Technical Information Service, 
February 1956, 128 pp. (N YO-4696). 

Meteorological trajectories of debris from the Nevada atomic tests in the 
spring of 1955 are given, together with the daily fallout at over 100 gummed- 
film stations in North America for the period February 18—May 20, 1955. 
Experiments indicate that on dry days, inverted and vertical gummed films 
collect about 40 percent as much as normal horizontal films; on days with 
precipitation, about 1 to 4 percent as much. Radio autographs of individual 
raindrops indicate that during a period of fallout at Chicago, about three 
drops in a hundred were radioactive. 

Test Information Office, Las Vegas, Nev. Background information on 
continental nuclear tests. The. spring 1953 series. Las Vegas, 1953, 35 pp. 

U. S. Department of Defense and U. 8. Atomic Energy Commission. Medical 
aspects of atomic weapons. Washington, United States Government Print- 
ing Office, 1950, 24 pp. 

U. S. Federal Civil Defense Administration. Annual report for fiscal year 1956, 
Washington, United States Government Printing Office, 1957, 119 pp. 

Radioactive fallout forecast program: 20. 
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Construction of fallout plots from coded messages provided by the 
U.S. Weather Bureau. Battle Creek, Mich., May 25, 1955, 10 pp. (Advisory 
Bulletin No. 188). ) 

Supplement No. 1, August 16, 1955. 

Supplement No. 2, September 27, 1955. 

Supplement No. 3, January 26, 1956. 

Supplement No. 4, October 4, 1956. 

: ae for survival; Operation Cue. AEC Nevada test site. Washington, 
United States Government Printing Office, 1955, 162 pp. 

Nuclear radiation-residual: 97-99. 

. Facts about fallout. Washington, United States Government Printing 
Office, 1955; 16 pp. | 

Fallout and winds. Rev. February 1956. Washington, United States 
Government Printing Office, 1956, 8 pp. (Technical Bulletin, 11-21). 

.. Introduction to radioactive fallout; instructor’s guide. Washington, 
United States Government Printing Office, 1955, 10 pp. (Instructor’s Guide, 


19-1). 

Medical aspects of nuclear radiation. Washington, United States 
Government Printing Office, July 1956, 3 pp. (TB-11-24, Radiological 
Radiation Series). 

References. 

Protection. against fallout radiation. _ Washington, United States 
Government Printing Office, September 1955, 2 pp. (TB-11-19, Radiation 
Defense Series). 

. Questions and answers on fallout. Battle Creek, Mich., May 27, 1955, 

6 pp. (FYI-ES-194). > 

. Radiation physics and bomb phenomenology. Washington, United 

States Government Printing Office, June 1956, 8 pp. (TB-11-22, Radiological 

Defense Series). . 

Gives method of calculating multiple radioactive decay for fission products 
by use of Kaufman’s equation for multiple decay. References. 

.. Radiological instruments for civil defense. Washington, D. C., United 

States Government Printing Office, March 5, 1956, 9 pp. 

Residual radiation in relation to civil defense. Battle Creek, Mich., 

February 9, 1955, 10 pp. (Advisory Bulletin No. 179). - 

What you should know about radioactive fallout. Washington, United 
States Government Printing Office, 1956, 24 pp. (Publie Affairs Booklet 7). 

Revised June 1956. ) 

United States Food and Drug Administration. Civil defense information for 
food and drug officials. ompiled and edited by Lowrie M. Beacham [and 
othérs}. Washington, 1955, 188 pp. . 

United States Naval Medical Research Institute, Bethesda, Md. Emergency 
laboratory organization for the care of large numbers of human beings acci- 
dentally exposed to ionizing radiation, by C. R. Sipe [and others]... Bethesda, 
Md., November 18, 1955, 13 pp. (NM006012.04.91). . 

The accidental exposure of a group of Marshallese and Americans to radio- 
active fallout in the spring of 1954 necessitated organizing and equipping an 
emergency medical team to conduct essential laboratory and clinical exami- 
nations on the exposed individuals. 

Radiology and radioactivity effects of whole body radiation, by E. P. 

Cronkite and W. George Brecher. Bethesda, Md., November 15, 1951, 25 
pp. Documented by list of 165 references. 

United States National Bureau of Standards. Handbooks. Washington, 
United States Government Printing Office, 1949: 

42. Safe handling of radioactive isotopes. 1949. 
ee Control and removal of radioactive contamination in laboratories. 

49. Recommendations for waste disposal of phosphorus-32 and iodine-131 

for medical users.. 1951. 

50. X-ray protection design. 1952. 

51. Radiological monitoring methods and instruments. 1952. 

52, Maximum permissible amounts of radioisotopes in the human body 
and maximum. permissible.concentrations in air and water. 1953. 

53. Recommendations for the disposal of carbon-14 wastes. 1953. 

aoe Protection against radiations from radium, eobalt-60, and cesium-137. 
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‘55. Protection against betatron- “synchrotron radiations up to 100 million 
electron volts. 1954. 

56. Safe handling of cadavers containing radioactive isotopes. 1953. 

57. Photographic dosimetry of X- and gamma rays. 

58. Radioactive-waste disposal in the ocean. 1954. 

59. Permissible dose from external sources of ionizing radiation. 1954, 

60. X-ray protection. 1955. 

61. Regulation of radiation exposure by legislative means. 1955. 

62. Report of the International Commission on Radiological Units and 

_ Measurements. 1956. 

United States National Committee on Radiation Protection. Maximum permis- 
sible radiation exposures to man. Washington, United States Government 
Printing Office, 1957, 32 pp. (National Bureau of Standards Technical News 
Bulletin, v. 41,°No. 2), 

United States Naval Medical Research Institute, Bethesda, Md. Skin lesions, 
epilation and nail ‘pigmentation in Marshallese and Americans accidentally 
contaminated with radioactive fallout, by R. A. Conard [and others]. 
Bethesda, Md., 1955, 28 pp. © (Research Report Project NM-—006- 012. 04.82). 

Also in Science v. "122. 1955: 1178-1179. - 

United States Naval Radiological Defense Laboratory, San Francisco, Calif, The 
effects of combined administration of strontium-90 and external radiation, by 
S. H. Cohn and W. L. Milne. San Francisco, Calif., 1956, 20 pp. 
(USNRDL-TR-89). ' 

Effects of strontium-90 and external body Kadintiond wdinsiilaeived separately 
and in combination were determined in terms of platelet level, body weight, 
mortality, bone alkaline phosphatase level, and thymic and spleen weight. 

An estimate of the predominant chemical species resulting from a shallow 
underwater burst of an atomic bomb, by L. R. Bunney and N. E. Ballou. 

- San Francisco, Calif., 1954, 26 pp. (USNRDL-435). ‘ 
—_—— ra oe plotting device, by E. A. Schuert: 19 pp. (USNRDI- 
A fallout plotting device was developed. The method requires no drafting 
equipment and is ideally suited for field ‘use’ At Operation Redwing it 
‘was found that untrained personnel could quickly become proficient in its 
employment.” 
——. Calculated activities and abundances of U-235 fission products, by 
~ -R. C. Bolles and N. E. Ballou. San Francisco, Calif., 1956, 257 pp. 
(USNRDL-456). 
Performance specifications for a sound national shelter system, by W. E, 
Strope. San Francisco, Calif., 1957, 27 pp., illus., tabs. (USNRDL-TR-132). 
“The fundamental requirement of a sound shelter system is protection 
against nuclear radiations from fallout.” Estimated shelter construction 
costs per person range from $30 to about $300, resulting in an estimated 
mek construction cost for the national shelter program of about $15 to $20 
illion. 

——. Physical state of fission product elements following their vaporization 
in distilled water and seawater, by A. E. Greendale and 'N, K. Ballou. San 
Francisco, Calif., 1954, 28 pp. (USNRDL_436). 

——_. Radiotoxicity resulting from exposure’ to fallout sithulant: “II. The 
‘metabolism of an inhaled and ingested. simulant of fallout produced by a 
land-based nuclear detonation, by S. H. Cohn (and others). San Francisco, 
Calif., 1957, 24 pp., table, diagrams. (USNRDI-TR-118). 

Study reproduced i in the laboratory an acute exposure of mice to early fall- 
out (2 days old) such as might result from a land-based nuclear detonation. 

———. Study of airborne activity resulting from decontamination of ships 
contaminated with radioactive fallout, by P. Fara, San Francisco, Calif., 
May 22, 1956,.27 pp. (Project NS 083-001). 

Uptake, distribution, and retention of fission products in tissues of mice 

exposed to a simulant of fallout from a nuclear detonation, by’S. H. Cohn 

[and others]. San Francisco, Calif., December 5, 1955, 25 pp. (Project 

N M-—006-015.04). 

, and U. S. Naval Medical Research Institute, Bethesda, Md. Internal 

radioactive contamination of human beings accidentally exposed to radio- 

active fallout material; by S, H. Cohn [and others], San Francisco, Calif. 

May 9, 1956, 50 pp. (USNRDL-TR-86). 
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Evaluation of nature and extent of the internal radioactive contamination 
which occurred in human beings as a result of a nuclear detonation in spring 
1953 (Operation CASTLE). In view of the short half-life of the most 
abundant fission products in this situation, the possibility that chronic 
irradiation effects will occur is quite small. 

U. S. Naval Research Laboratory, Washington, D. C. Fallout dosages at 
Washington, D. C., by I. H. Blifford and H. B. Rosenstock. Washington, 
D. C., November 3, 1955, 9 pp. (NRL-4654). 

Total infinity dosage at Washington, D. C. due to fallout between January 
1951 and May 1955 estimated. Nevada tests contributed about 60 percent 
of the total amount and the Russian tests about 33 percent. 

———. Fallout protection offered by standard enlisted men’s barracks, by . 
C. W. Malich and L, A. Beach. Washington, D. C., March 28, 1957, 21 pp. 
(NLR-4886). 

Radioactivity of air and fallout samples collected on the 80th meridian, 

by I. H. Blifford and L. B. Lockhart. Washington, D. C., Aug. 1956, 3 pp., 

tables (NRL Memorandum Report 626). 

Relationship between the air concentration of radioactive fission prod- 
ucts and fallout; by I. H. Blifford [and others] Washington, D. C., November 
4, 1955, 10 pp. (NRL-4607). 

U.S. Office of Education. Protection against. radioactive fallout. [Washington] 
February 7, 1956, 12 pp. (Civil Defense education project, information 
sheet 35). 

U. S. Public Health Service. Public health problems in civil defense: Outline 
guide covering sanitation aspects of mass evacuation, radioactive fallout 
letc.]. Washington, D. C., United States Government Printing Office, 1956, 
28 pp. (publication 498). 

——. Water quality studies on the Columbia River, by Gordon G. Robeck 
[and others]. Cincinnati, Ohio, United States Public: Health Service, Robert 
A. Taft Sanitary Engineering Center, 1954, 99 pp., tables. 

Contains radioactivity analyses. 

U. 8. Weather Bureau. Meteorology and atomic energy. - Prepared for United 
States Atomic Energy Commission, Washington, D, C., 1955, 169 p. 
Bibliography. 

Washington. University, Seattle, Wash. Applied Fisheries Laboratory. Radio- 
biological survey of Bikini, Eniwetok, and Likiep atolls; July-August 1949. 
Oak Ridge, Tenn., United States Atomic Energy Commission, Technical 
Information Service, 1952, 146 pp. (AECD-3446). 

Available from Office of Technical Services, United States Department of 
Commerce. 

A description of tumors on Ipomoea tuba from the A-bomb test sites on 

Eniwetok Atoll; Appendix to radiobiological survey of Bikini, Eniwetok, and 
Likiep Atolls, July-August 1949, by Susann F. Biddulph and Orlin Biddulph. 
Oak Ridge, Tenn., United States Atomic Energy Commission, Technical 
Information Service, [1952] 24 pp. (AECD-3446 App.). 
_ Tumors on plants of Ipomoea tuba, a vine with large heart-shaped leaves, 
found in an area 400 to 600 yards from the bomb crater on an Eniwetok atoll, 
17 months after an atomic explosion, are described in detail. After careful 
consideration of all possible casual agents, it was concluded that. the tumors 
were radioinduced. 

Weisbecker, L. W. and Lane, W. B. Hot laboratory for producing synthetic 
radioactive fallout. In [Reports of] 1957 Nuclear Congress, Fifth Hot 
Laboratories and Equipment Conference, March 14-15, 1957, Philadelphia, 
_Pa. [New York, American Society of Mechanical Engineers] 1957 , pp. 364-369. 

White, M. R. Human and cattle thyroid radioactivity associated with fallout: 

October 1955 to October 1956. (UCRL 3703). 








TECHNICAL REPORTS, FoREIGN 
FRENCH 


Atomic energy in its repercussions on life and health. Paris, L’ Expansion 
editeur, 1956, 254 pp. (in French). 
Papers given at a scientific conference in Paris, July 1955, on dangers of 


atomic energy and radiation. 
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Garrigue, Hubert. Investigation of the atomic cloud.. Publications scientifiques 
et techniques du Ministére de lair. No. 228. [Paris] 1949, 24 pp. 

In 3 out of 23 flights at 6,000 meters over France in July 1946, an unknown 
radioactive material with a half-life of 25+5 hours was detected. Average 
concentration 0.013 X 10-* curies/em’ radio equivalent. The first detection 
was on July 20, 1946, 20 days after the first explosion at Bikini. Similar 
material was detected in 6 out of 15 flights in July, 1948, the first on July 2, 
75 days after the Eniwetok test. 


JAPANESE 


Analysis of the ‘Bikini ash.” (Special collection of papers). Tr. from Japan 
Analyst (Tokyo) v. 3, 1954: 333-368, 75 pp. (AEC-tr—2104). 

Kimura, Kenjino. Introduction to special collection of papers:1-6. 

Incident of the Bikini ashes and the fishing boat is reported. Experiences 
on the boat are recorded, and fallout analyses are compared with those of 
Nagasaki and Hiroshima. 

. Radiochemical analysis of ‘Bikini ashes” fallen on board the No. 5 
Fukurya Maru on March 1, 1954: pp. 7-27. 

Comprehensive analysis was done in order to find the proper method of 
medical treatment for the victim fishermen on board. Analysis was started 
on March 18, and ash was found which consisted mostly of Ca(OH)?, activity 
of which was 0.37 mc./g. on April 23. Cations of the third group (especially 
rare-earth metals) and fifth group were found to have strong activity by 
chemical separation. Fractions of each group, anions, Zr and Nb fraction, 
and U fraction were separated by an ion-exchange method. 

Shiokawa, Takanobu, and others. Radiochemical studies on “Bikini ashes” 
(March 1,.1954): pp. 28-42. 

Decay characteristics of the ashes which were brought back by the crew 
of the Fukuryu Maru No. 5 were; untreated ash I=ct-!-81, water solution part 
t—-71 insol. part t—'-88, Radioactive species separated by chemical method 
with carrier or collector were; nuclide, activity of nuclide (counts/min.) 
/activity of original sample (counts—min,), and the date of separation, Sr®? 
6,000/80X 104, April 24; Zr, 280/80 10!, -; Ag'!, 200/200 10‘, April 14; 
Ru!%, 2.300/25 X 10! ete. 

Yamatera, renal and others. Radioactive dust from No. 5 Fukuryu Maru: 

p. 43-54. 
‘ Analyses of radioactive dust collected on board No. 5 Fukuryu Maru were 
done by chemical separation and measurement of y-ray energy and half-life 
of each species. Results are summarized as follows, radioactive nuclide and 
approximate percent of radioactivity given: Ru’, 4.3-57; Ru, 1.4; Te!29, 
1.3; 1331, 4.5; 1132, 1.0; Te82, 1.0; ete. 

Kiba, Toshiyasu and others. Radioactive substances found on the contaminated 
fish: pp. 55-60. 

Radiochemical investigation was done on the substance collected from 
the surface of tuna fish which were brought back by the No. 5 Fukuryu 
Maru. Most of radioactivity was found on the scales, which could not 
be decontaminated by treating with H.0; 80 percent of activity was removed 
by washing dried scales with 3N HCl. Paper chromatographic separation of 
the HCl fraction showed the presence of Ba!°, Sr8*, Te!82, and probably Zr®, 
La1#°, and rare earths. 

Honda, M. A proposed method of analysis of radioactive substances in rain- 
water: pp. 73-75. 

Kyoto, Japan, University. Institute for Chemical Research. The radioactive 
dust from nuclear explosion. November 1954, 133 pp. (Bulletin of the 
Institute for Chemical Research, Supplementary issue, November 1954) 
(in English). 

Shimizu, S., and others. Radioactive dust from nuclear detonation. Survey 
of the radioactive contamination of the No. 5 Fukuryu Maru: pp. 1-3. 

A collection of reports on investigations on No. 5 Fukuryu Maru, a fishing 
ship which was in the vicinity of the Bikini atoll when nuclear detonation 
occurred on March 1, 1954. The radiation dosage rate of contamination 
observed for combined 8- and y-radiation at every part of the ship on March 
19, April 21, and May 16 is recorded. The av. value of total y-dosage 
for the crew was supposed to lie between 200 and 500 r. 
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Kikuchi, Takehiko, and others. Properties and size of the radioactive ashes 
obtained from the No. 5 Fukuryu Maru: pp. 4-11. 

Size and radioactivity of the ashes collected from the ship have been 
measured. Ashes consist of particles which appeared dark when observed 
through an occular microscope. When observed by side illumination the 
particles appeared white and several black spots were seen on the surfaces. 

. Radioautographic studies of the radioactive ashes obtained from the 
No. 5 Fukuryu Maru: pp. 12-17. | 

Radioautographic studies have been made of the radioactive ashes ob- 
tained from the ship by the use of X-ray film, radioautographie stripping 
plates, and plates of a-emitters. The radioactivity was found not pro- 
portional to the size of the particle, and the distribution of radioactivity in 
each particle was not uniform. é: 
Radioautographic studies of the materials obtained from the No. 5 

Fukuryu Maru-contaminated by radioactive ashes: pp. 29-34. 

The contamination was associated with the presence of small radioactive 
particles. Although these particles were easily scattered, it was difficult to 
remove them completely. The particles did not penetrate into the interior 
of clothes of fine meshes. Decontamination by washing with sea water was 
not. perfect. 

——-—, The contamination of the fishes caught by the No. 5 Fukuryu Maru 
and the foods manufactured from these fishes: p. 35-38. 

The radio-contaminated tunas and other fish caught by the ship in the 
vienity of Bikini Atoll were studied. , The contamination was caused directly 
by radioactive ashes and was limited to the surface of the fish. No radio- 
activity was detected in muscles and bones. The contamination of tuna 
expressed as Co was 10~2—10- microcurie per square centimeter of skin and 
10—! microcurie per g. scales. 

Ishibashi, Masayoshi, and others, Fadiochemical analysis of the Bikini ashes: 
350-39. 5 - 








The following nuclides were detected in the Bikini ashes by radiochem. 
rocedures: Ca* Sr, Y%, Zr, Rul, Nb®, Rhi@=> Rui, Te, [181 Bae. 
alo, Cel4, Pri4, and U3". The ion-exchange method was used for 

analysis of contaminated rain water which fell on the Kyoto area on May 16, 
1954 from which the presence of Sr®, Zr®, and Ba", was detected. Rare 
earths seemed also to be present.. 

——. ‘ Analysis of carrier-free radioisotopes by paper chromatography: pp. 
60-74. uy ae 

Rf values of Ru-Rh, Zr, Nb, Y, Ce-Pr, I, Ca, and Sr, are listed. Zr and 
Nb were separable only when they were developed with mandelic acid of 
pH 5.2 and 7.9 Elements of the Ce group seemed to be separated when ce- 
veloped with acetylacetone-BuOH. 

Kikuchi, Takehiko, and others. The metabolism of fission products. I. The 
metabolism of the radioactive ashes obtained from the No. 5 Fukuryu Maru: 
pp. 75-83. 

When the radioactive ashes were administered by mouth, the radioisotopes 
which were chiefly absorved were alkaline earths, and were deposited mainly 
in the bones. When, after the removal of the alkaline earths, the radioiso- 
topes contained in the radioactive ashes were administered by mouth in the 
form of chloride or citrate, the radioisotopes chiefly absorbed were heavy 
metals such as Ru and Rh, 

. I. Metabolism of the radioisotopes contained in the radioactive ashes 
obtained from the No. 5 Fukuryu Maru: pp. 84—90. 

Among the radioisotopes obtained by separation from ashes on the ship, 
i. e., Y, Cul, 4, Pris” Cass, Gree, 90 Ry103, 106 Rh Zr Nb, and J, 
Sr, Ca, and Y were’accumulated chiefly in the bones of adult mice, and the 
elimination of radio-Sr from there was very slow. When administered by 
mouth, radio-Sr and Radio-Ca were readily absorbed from the digestive 
tract, while the absorption of radio-Y from the tract was poor. 
Paper XI, Studies on the metabolism of fission products III. Radio- 
autographic studies on the localization of radiostrontium and radiocalcium 








in the bones: pp. 99-105: 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 2049 





The effects of EDTA-Na (Na Ethylenediaminetetraacetate) upon the 
metabolism of radiostrontium and radioyttrium in mice: pp. 106-111. 

The toxicity of EDTA-Na, inert Sr (NO). and Ba (NQOs3). has been exam- 
ined. Simultaneous injection of ED'TA-Na showed no significant effect. upon 
the distribution of radio-Sr in the bones of mice. The distribution of Radio- 
Y in the bones of mice tended to decrease following the simultaneous sub- 
cutaneous injection of Y® and EDTA-Na. 

Japanese Committee for Compilation of Report on Research in the Effects of 
Radioactivity. Research in the effects and influences of the nuclear bomb 
test explosions. Tokyo, Japan Society for the Promotion of Science, 1956: 
1824 pp. in 2 v. 

Tokyo, Japan. University. Fisheries Institute and Faculty of Agriculture. 
Studies on influence of radio-activity from the point of fisheries science, 
Tokyo, November 10; 1954, 215 pp. 

Data for the Committee on the Effects of Radioactivity, Science Council of 
Japan. Preliminary report iv, by coopers ion of staff under Profs. “Bor, 
Matsue, Suehiro, and Hiyama, ~ 


BRITISH AND CANADIAN 


Canada. Defense Research Board. Fallout from large nuclear explosions with 
application to civil defense, by G. H. Gilbert. Ottawa, Canada, 1955, 
10 pp. (Operational. Research Group Memorandum No. 5516). 
Appendix A: A report by the Waited States Atomic Energy Commission 
on the effects of high-yield nuclear explosions, 8 pp. 
“It is important to note that information relating to high level winds is 
. very sparse, and that no information is available on the distribution of 
particle size and radio-activity within the nuclear cloud resulting from high 
yield explosions. Any conclusions on results presented in this paper must 
therefore be considered tentative.” 

Great Britain. Atomic Energy Research Establishment. Aspects of the travel 
and deposition of aerosol and vapour clouds, by A. C. Chamberlain. Har- 
well, Berkshire, England, 1953, 35 pp. (A. E. R. E. HP/R. 1261.) 

. Determination of strontium in sea water using both radioactive and 

stable isotopes, by R. W. Hummel and A. A. Smales. Harwell, Berkshire, 

England, 1955, ee (A, E, R. E. C/R 1755.) 

. Estimation of maximum permissible levels of radiation, by A. C. Cham- 
berlain. Harwell, Berkshire, England, August 1950, 52 pp. (A. E.R. E. 
HP/R-551.) 

———. The effects of Operation. Hurricane on plants and soils, by R. Scott 
Russell [and others]. Harwell, Berkshire, England, 1955, 106 pp. (Soil-Plant- 
Animal Relationships Report 3). 

Fallout samples collected in air filters by aircraft and on gage sheets: 24 
hours following the Monte Bello. burst. were analyzed... 

—— —. The metabolism of strontium in man, by G.-E. Harrison [and others]. 
A outer nunieic: England, 1955, 18 pp. ’ (Soil- Plant-Animal Relationships 

eport 2 
——-. The Monte Bello rat, November 19538, by. D. W. H. Barnes [and others]. 
me 2 Berkshire, England, 1955, 22 PP. (Soil-Plant-Animal Relationships 
eport 1 
Rats inhabiting Monte Bello at the time of the atomic explosion. were 
examined for both external signs of radiation damage and damage from the 
ingestion of contaminated: food. 

———. The radiological dose to persons in the United Kingdom due to debris 
from nuclear test AN ghee by N. G.. Stewart [and others]. Harwell, Berk- 
shire, England, 1955, 20 pp. (A. E. R. E. HP/R 1701). 

—, . The radiological dose to persons in the United. Kingdom. due to debris 

from nuclear test explosions prior to January 1956, by N. Gs Stewart [and 

see) Harwell, Berkshire, England, 1956, 22 pp. .(A. E. R. E. HP/R 
1 

—_——. Radiogerenum and ies pieaurement in biological Puayerial, 

to December 1956, 11 pp. (A. E K. HP/R-2182). 
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Radiostrontium fallout in biological materials in Fritain, by R. J. Pryant 
[and others]. Harwell, Berkshire, England, September 5, 1956, 44 pp. 
(A. E. R. E. HP/R 2056). Free 

Methods are described for the determination of strontium 90 due to fallout, 
from nuclear explosions in soils, vegetation, bones, and milk. Current levels 
in Britain are shown to be very similar to those reported for United States. 

———. Some factors influencing the gastro-intestinal absorption of strontium 
in rats, by H. G. Jones. Harwell, Berkshire, England, 1955, 3 pp. (Soil- 
Plant-Animal Relationships Report 6). 

Summary of leading points [of Tripartite Conference on Soil-Plant- 
Animal Relationships of Fission Products]. Harwell, Berkshire, England, 
1955, 2 pp. (Soil-Plant-Animal Relationships Report 15.) 

“Order of importance of hazards from fallout in initial period is (a) external 
radiation, including beta radiation from activity on skin, (b) contamination 
of herbage and crops, (c) inhalation of activity and contamination of water 
supplies. With passece of time (6) becomes dominant.” 

Great Britain Atomic Weapons Research Establishment. Agricultural and 
biological investigations pertaining to contamination by fission products. 
Aldermaston, Berkshire, England, July 16, 1954, 26 pp. 

Great Britain Medical Research Council. The hazards to man of nuclear and 
allied radiations. London, Her Majesty’s Stationery Office, 1956, 128 pp. 

Concludes that risk of radiation is controllable within limits that man can 
accept. 








INDIAN 


India (Republic) Defense Science Organisation. Nuclear explosions and their 
effects. Foreword by Jawaharlal Nehru. [Delhi] Publications Division, 
Ministry of Information and Broadcasting, Government of India, August 
1956, 184 pp. 

Bibliographical footnotes. 

Scholarly analysis of the strontium hazard fills about 10 percent of the text. 
A three-page chapter contains a warning for the future and shows the great 
concern of India about the continued nuclear tests. 


RUSSIAN 


U. S. S. R. Academy of Sciences. Conference on the peaceful uses of atomic 
energy. July 1-5, 1955. Session of the Division of Biological Seience. 
Washington, United States Atomic Energy Commission, 1956, 198 pp., in 
English translation by Consultants Bureau. . 


CONGRESSIONAL HEARINGS AND CONGRESSIONAL RECORD EXcERPTS - 


Morse, Wayne. Address . .. Radiation hazards. Remarks in the Senate. 

Congressional Record [daily edition] v. 103, May 23, 1957: 6747-6750. 
Senator Morse discusses the unfortunate effects of radiation on the human 

system, particularly on the reproductive processes, and berates the adminis- 

tration for its failure to control or stop the testing of atomic weapons. 

National Radiation Health Institute to protect mankind from atomic fallout. 
Congressional Record [daily edition], v. 103, February 14, 1957: 1763-1769 

Bill introduced by Senator Neuberger to create a National Radiation 
Health Institute to perform research in effects of radiation on health. Con- 
tains reprints of Unna, Warren. Fallout held sure to hurt 6,000 babies. 

_ . Washington Post. 

Payne, Frederick G. United States participation in scientific commission within 
the United Nations to study certain effects of nuclear explosions. Con- 
gressional Record, v. 101, April 13, 1955: 4339-4340. 

United States Atomic Energy Commission. Division of Biology and Medicine. 
Report on questions raised by Mrs. Jan Howard, East Palo Alto, Calif., 
regarding radioactive fallout from weapons tests. Extension of remarks of 
te, Rr S. Gubser. Congressional Record, v. 101, May 25, 1955: 
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United States Congress. House. Committee on Appropriations. Fallout from 
nuclear explosions. Testimony of witnesses from Armed Forces Special 
Weapons Project, Army and Navy. In Department of Defense appropria- 
tions for 1958; hearings before the subcommittee of the Committee on Appro- 
priations, 85th Congress, Ist session. Washington, United States Govern- 
ment Printing Office, 1957: pt. 2, p. 1532. 

Contains reprint of Kulp, Laurence J. and others. Strontium—90 in man. 

Committee on Government Operations. Civil defense for 

national survival. Hearings before a.subcommittee, 84th Congress, 2d 

session. Washington, United States Government Printing Office, 1956, 

3,145 pp. (in 7 pts). 

Statements by Willard F. Libby: pp.4-66; Willard Bascom: pp. 127-190; 
Merle A. Tuve: pp. 191-211; Lester Machta: pp. 601-634; Lauriston S. 
Taylor: pp. 725-756; Ralph E. Lapp: pp. 763-797; Charles L. Dunham: pp. 
899-925; Eugene P. Cronkhite: pp. 925-938; H. Bentley Glass: pp. 2709-2742. 
Civil defense for national survival. Twenty-fourth intermediate 
report of the Committee on Government Operations. Washington, United 
States Government Printing Office, 1956, 103 pp. (House Report No. 2946). 

Nuclear explosion effects: pp. 8-9. 

Radioactive fallout: pp. 9-12. 

Joint Committee on Atomic Energy. Health and safety prob- 

lems and weather effects associated with atomic explosions, Hearing before 

the Joint Committee on Atomic Energy, 84th Congress, Ist session, April 15, 

1955. Washington, United States Government Printing Office, 1955, 60 pp. 

(committee print). 

Testimony by various authorities, including AEC and Weather Bureau 
experts, on various phases of possible hazards from atomic tests. Fisenbud 
states the cumulative fallout in the United States from early 1951 to January 
1, 1955, varies from 21 millicuries per square mile in Arizona to 120 millicuries 
per square mile in New Mexico. The normal radioactive background in 
the United States varies from about 0.01 to 0.05 mr/hr. On six occasions, 
the background radiation was elevated to about 1 mr/hr beyond a few hundred 
miles from the test site, Troy, Chicago, Rochester, Salt Lake City (twice) 
and one other. | 
. Hearings on atomic-hydrogen weapon radiation, Congressional 
Record [daily edition], v. 103, May 22, 1957: 6659-6664. 

List of witnesses and a detailed outline describing the scope and content 
of the hearings. 

enate. Committee on Armed Services. Testimony [on fallout] 
of Gen. James M. Gavin, Chief of Research and Development, Department 
of the Army, in study of airpower; hearings before the Subcommittee on the 

Air Force (Symington Committee) of the Committee on Armed Services, 

84th Congress, 2d session, Washington, United States Government Printing 

Office, 1956: pt. X, pp. 860-861. 

enate. Committee on Armed Services. Civil defense pro- 

gram; hearings before the Subcommittee on Civil Defense * * * 84th Con- 

gress, Ist session, February 22, 26, March 3, 4, and 8, 1955. Washington, 

United States Government Printing Office, 1955, 920 pp. (in 2 pts.) (com- - 

mittee print). . 

Statement of Willard F. Libby: pp. 4-22. 

Exhibit 1. Statement [on fallout] by Lewis L. Strauss: pp. 231-233. 

A report by the United States Atomic Energy Commission on the effects 
of high-yield nuclear explosions: pp. 234-240. ' 

Exhibit 2. Remarks by Dr. Willard F. Libby for delivery at the Wash- 
ington Conference of Mayors, Washington, D. C., Thursday, December 2, 
1954: pp. 240-244. ' 

Exhibit 3. Atomic test effects in the Nevada Test Site Region: pp. 244-253. 

Statement of Ralph E. Lapp [on fallout]: pp. 688-708. 

——, Senate. Committee on Foreign Relations. Control and _re- 

duction of armaments. Hearing before a_subcommittee * * * 84th Con- 

gress, 2d session * * * Washington, United States Government Printing 

Office, 1957, 1333 pp. (in 13 pts.) 

Statements by Mrs. Adelaide N. Baker: pp. 478-492; Arthur H. Compton: 
Bay Mrs. George Gellhorn: pp. 900-903; T. Alexander Pond: pp. 907-911; 

rs. Frederick Faust: pp. 951-953; Warren Weaver: pp. 1135-1154, 
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Paper 616: The influence of ionizing radiations on animal organisms, 
by A. V. Lebedinsky (U.'S.'S. R.): pp. 7-24. 

Paper 803: Biological effects of radiation, by John C. Bugher (USA): 

p. 45-48. 
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of nuclear energy. 

Paper 778: The general problems of protection against radiations 
orn Oe public health point of view, by World Health Organization: 
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Paper 280: The accumulation of radioactive substances in aquatic 
forms, by R. F. Foster and J. J. Davis (USA): pp. 364-367. 
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Warren, Shields. Launching the U. N. study of effects of atomic radiation. 
Department of State bulletin, v. 34, May 21, 1956: 860-861. 

First meeting of Scientific Committee on Effects of Atomic Radiation, 
March 14-28, is . 


9054 RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 


AppENDIx 10 


Oak RIDGE NATIONAL LABORATORY, 
Oak Ridge, Tenn., August 21, 1957. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Washington, D.C. 

DEAR Mr. RAMEY: Enclosed please find a copy of the material concerning topic 
VIIE D of the outline, fallout and water decontamination, requested by Con- 
gressman Holifield for the Joint Committee on Atomic Energy Report. 

Enclosed is the biographical sketch also requested in your letter of June 19, 
1957. 

If I ean be of any further assistance to you and the committee, please feel free 
to write. 

Thank you. 

Very truly yours, 
WILLIAM J. Lacy, 
ERDL Representative at ORNL. 


Enclosures: 1. Report on Fallout. 2. Biographical sketch. 

Ce: Commanding Officer, Engineer Research and Development Labs, Fort 
Belvoir, Virginia; Harry N. Lowe, Jr., Chief Sanitary Engineering Branch, Fort 
Belvoir, Virginia; Dr. Karl Z. Morgan, Director, Health Physics Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 


BIoGRAPHICAL SKETCH 


William J. Lacy was born in 1928 in Wallingford, Connecticut, attended Lyman 
Hall High School where he won the prizes in science and chemistry, then he 
obtained a B. S. degree in 1950 from the University of Connecticut where he 
majored in Chemistry. He entered graduate school at New York University in 
September of 1950 and worked as a research associate on an AEC research con- 
tract. In May of 1951 he joined the staff at the Engineer Research and Develop- 
ment Labs of Fort Belvoir, Virginia, and immediately was transferred to the 
Oak Ridge National Laboratory to work on the water decontamination research 
project. 

He has had seven (7) articles published, presented numerous papers and is a 
member of the American Chemical Society, American Association for the Advance- 
ment of Science and the Scientific Research Society of America. 

Mr. Lacy is married and has two (2) sons, 244 and six months, he resides in 
Oak Ridge, Tennessee. 


[Material for Joint Committee on Atomic Energy Topic VIII D] 
REMOVAL OF RADIOACTIVE FALLOUT FRoM CONTAMINATED WATER SUPPLIES 


William J. Lacy, Chemist,* Sanitary Engineering Branch, Engineer Research 
and Development Labs, Fort Belvoir, Va. 


There are two possible sources of radioactive contamination of public water 
supplies, (1) the result of direct discharge into the environment from reactor 
processing plants, research center using radioisotopes and others and (2) deposi- 
tion of radioactive material by fallout or wash-in due to weapon’s test activities. 

Most of the radioactive materials in item one are in solution, fallout, however, 
may be in the form of insoluble oxides, and its removal may differ from the 
removal of ionic material. 

Studies have been reported on the subject of fallout in particular areas Cir. 
(2), (3), (4). It was reported that 35 percent of the fallout activity was re- 
moved by the Albany, New York, water treatment plant, an alum coagulation, 
settling and filtration plant. Thomas and his coworkers at Harvard (2) (8) 
working at the Lawrence, Massachusetts, water plant obtained 80 percent re- 
moval by coagulation, settling, and filtration. Bell (4) compared the fallout 
removal results from Cambridge and Lawrence, Massachusetts, and Rochester, 
New York, with pilot plant results obtained by Straub (5) (6) who used a 
simulated bomb blast mixture with an age about one month after detonation. 


*On loan to Health Physics Division, Oak Ridge National Lab., Oak Ridge, Tennessee, 
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The comparison indicated the three tr eatment plants show much lower removals 
of fallout than Straub obtained on chemical processed radioactive material even 
though the same procedure was used in both cases. The U. S. P. H. 8. reported 
the analysis of rain water samples containing fallout showed 50 to 100 percent 
of the “old” radioactive material to be soluble. However, the soluble fraction 
dropped to about 30 percent during the weapon’s testing period. 

For reactor made fission products, or a mixture of commer cially available radio- 
isotopes, the efficiency of removal would be a function of the various radioelements 
comprising the mixture. Results in laboratory studies and pilot plant scale 
investigations by the author indicates removals of about 70 to 85 percent using 
either alum and soda ash or ferric chloride and limestone coagulants. <A series 
of studies (7) reported that removals of 99 percent could be obtained using a 
serial coagualtion procedure including an excess lime-soda ash softening or phos- | 
phate coagulation step, provided some clay material was added to remove radio- 
cesium. 

Conventional wastes treatment processes include coagulation, settling, and 
filtration, plus disinfection. Often additional treatment, such as fluoridation, aera- 
tion, softening, ion exchange, iron and manganese removal are employed. 

During coagulation certain of the dissolved constituents are precipitated as 
insoluble hydroxides or carried along, scavenged, with the heavy metal hydrox- 
ides of alum or iron. Coagulation can have its radioactivity removal increased 
from about 75 percent to almost 90 percent by the addition of clay for cesium 
and copper sulfate for radioiodine. 

It should be pointed out that different radioieotopes respond differently to 
removal by coagulation. Other factors to be considered include: (1) Chemical 
and physical form of the radionuclide, (2) concentration or the radioactive mate- 
rial, .nd (8) optimum pH of flocculation for the coagulant available and the 
water under treatment. Investigation by the author (8) indicates increase 
dosages of chemical generally yielded only slightly higher removals while higher 
pH usually resulted in proportionately higher removals. 

Softening using lime-soda ash is one of the more effective chemical methods 
for the removal of radiostrontium and barium. However, it is necessary to use 
excesses quantities, over the stoichiometric dosage, for satisfactory results. 
Studies at MIT (9) (10) have indicated that the radiostrontium is removed by 
coprecipitation with the hardness or calcium carbonate in a mixed crystal 
formation. 

Ion exchange is another method used by some municipal water treatment 
plants. Removal of ionic radionuclides by this process is not only technically 
possible (11), but very satisfactory. The most effective method employes either 
a mixed bed principal or separate cation-anion exchange columns. Ion exchange 
units such as home-type water softeners are very effective for removal of 99+ 
percent of the radioactive fallout or reactor originated radionuclides from con- 
taminated water. Also ion exchange resins (mixed) can be used with, good 
results, as slurries for the removal of a vaniety of radioactive contaminants froin 
water solutions (12) 

Other methods, such as, the use of clays, powdered metal, charcoal, flotation 
and various adsorbents all have some merit for the removal of specific radioiso- 
topes or under a given set of condition restlt in good removals. (13) However, 
clay seems to have the most practical and over advantage of being (1) available, 
(2) cheap, (8) effective, (4) simple to use, (5) easy to remove both absorbent 
and absorber and the radioactive material will not be easily leached once it is 
attached to the clay particle. Distillation although not a usual municipal water 
treatment method is used extensively by the military on island bases and where 
a high quality of water is required. Distillation results in the best single treat- 
ment of a contaminated water removing 99.9+ percent. (14) The major objec- 
tion to distillation as a water treatment procedure is cost. 

As indicated by the literature cited most of the above studies have been made 
on chemically processed, radiochemically pure radioisotopes and not true fall- 
out from a nuclear detonation. Therefore, it was expected that the actual fall- 
out material not being entirely in the same physical and chemical form could 
not be as readily removed from contaminated water. However, recent tests by 
the Corps of Engineers at the AEC Nevada Proving Grounds on some very low 
level fallout indicated (1) close agreement with laboratory results on removal by 
coagulation and softening using lime-soda ash and precipitation with trisodium 
phosphate at a high pH, (2) the ion exchange procedures resulted in 99 to 100 
percent removal of the bomb fallout material, (3) the material that was not 
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a true solution could be removed physically and the material in solution treated 
chemically and (4) radionuclide once adsorbed on clays were not appreciably 
leached by tap water. 

Many other experiments have been made by myself and others, some are still 
in progress, which have not been cited here. It is felt that this brief general 
review plus the six tables showing detailed data, will give the committee a 
review of the field on water decontamination. 


ae 3 
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TABLE I.—Coagulation for removal of radioactivity 





Ae pe 4g Ask ~ Percent removal 
Contaminant Dosage, 





p. p.m. 
FeCl3-CoCO; | Alum-soda ash 
COs PHAS TE SF ES 25. ils yori, ah Rey foils © F 99. 2 96. 1 
100 99. 4 96. 5 
Bale gill oe 7 We a ak Rie oe eee eee ae 50 67. 4 58. 4 
100 70. 7 58.0 
ZrVeeN pL sao ees ito fo pote 6 Behe las 50 ¢8.1 76. 4 
bh 100 98.8 78.6 
ASL jg) Seu cn el MS oe RTS NGS EL elles ett ane eee 50 45.0 26.3 
ve 100. 63. 0 35, 7 
nee  aeheabeieieaiaienanenaiaieieaeiiannicnaenetneeneee cetera 45..7 93.3 94.1 
aie grrr tarts ne en teen ec ener n nner enna enna ne nares 29-58 60-S3; (tvseceatocnce oss 
UE Se A a ceri Wires als Lae "oS he hh ei ge ele besa Oe 50 70.1 72. 6 





1MFP-1—ORNL waste containing mixed fission products, 
§ MF P-2—Simulated 30-day atomic-bomb blast mixture. 
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TABLE II.— Results of lime-soda ash treatment for removal of strontium 





Pereent-re- 





Treatment moval of 

activity 
PtolichiomMemlOAMoUNtssc seca ccee se onan ot ccesacseueeccesee Le cee See ee oe Se AS = 75.0 
DU NNM.excessilimMe-sou quisimetes ooo Ene Su eae ets ie se ae 77.0 
BODO MCX Cece UINe-SO0 Susie oo ce Leo aae Boe Joe eo eee oy ee a 80. 1 
PRONG reesseite- SOC Aa ac co. eA B es ec ee cee ere tee ee ee ee aE 85.3 
1.50-ppmexcess:lime-soda-aSha...ocecesdes ces geeeesseec esd ose ee eee ieee cece 97.3 
200: ppmrexcess inte-sOda ashe Soi 8 et eS eet eee oe Se eet an 99. 4 
300: ppm excess lime-soda ash =. 2.2... Loe c eel ees Rie aa kde Bh Ewa ae US = Ue eerie Zp. 99. 7 





TABLE III.—Jon exchange column for water decontamination 





Resin capac- | Percent re- 


Run No. Resin* Contaminant ity gal./ft.2 | moval until 

breakthrough 

UF eee | Eva eae ce eee Cation iat 2 wee 7 Ol ates Dee pera oe 5, 700 71-82 

eee as Bees Mixedibedseeeue teens NEE Pee ee arse 3, 150 93-99-+- 

Recap y ep Sepia cs, oa Gatienis <2 es: CUE SE LY a i a 6, 000 88-96 

GURNEY Son Sr see shee TONVLIXCO DOd ce came cened IMU P=Oiee eee eee ee 4 2, 890 96-99 

G2 532 Cee See a eee Gation ere eee! Zr Nb 9s ld 6, 750 +} 85-88 

Grey Fpl eb? 5m. bee Mixed Dedvsch. tests VARLEINP OES bes eee 2, 600 92-97 

yf fsa le tl Ree Mae PN TT Ws Vek td Cation... fais Ba apres 1,0 (8 Oh Ges lak ee ee a a 3, 270 85-90 

Bite eee ES Eee ee Mixed‘bed _ S322" £58 IME Ros Soe eee 6, 150 92-99 





*Cation resin was a high capacity nuclear sulfonic acid type and mixed bed was amberlite MB-3. 


NOTES 
MFP-1—ORNL liquid waste material. 
MFP-2—Simulated 30-day atomic-bomb debris. 
MFP-3—Three year old dissolved reactor fuel element. 


Vaste IV.—Removal of radioactive contaminants from water—Resin-jar test 
studies (stirring time, 90 minutes, samples filtered) © 





Percent removal mixed ion exchange 











Initial resin, p. p. mM. 
Contaminant Initial pH |. - activity & 
. ¢/m/m]) 
: 450 900 1,800 2,700 
I tae a I pepe iy 8.2 5; 560 47,4 | 74. 5 96. 2 99.8 
OG EU 28 cag ie tap ah at 8.0 7, 880 - 37.9 45. 6 91.1 99. 99 
Ositi=Baltl. S223 Reese eck 8.2 8, 200 15.1 14, 6 69.1 99. 99 
ZEN Di ee a 8,1 6, 700 98. 3 98. 4 99, 2 99, 4 
Ut iy ieee RE I ho ee 7.5 3, 200 84, 5 93. 5 95. 6 98.1 
Cel4l, 144-Pyl44_ el 7.9 4, 150 98. 7 99, 2 99.8 99. 98 
Baiie-g lies. se Sees ee 7.6 3, 490 85.1 94. 5 98.8 99.9 
BEM-—4...52 sss? eanapasteee 8.3 13, 600 82.7 90. 5 97.3 99, 2 
BP M-§y-2e2enes ass See 2.7 F MOP Aglee nee oo oe ae ean [sc conaawsoe ‘- 
NOTES 


FPM-4—Iodine dissolver solution aged 30 days. : 
FPM-5— Mixed fission product waste containing mainly Os'3’-Ba!’ and Ru!%-Rhi®, 
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TasLE V.—Decontamination of radioactively contaminated water by slurrying 
with clay bial 





Olay concentration, p. p. m. 





Contaminant pH 1,000 3,000 





Percent removal 








RiaiS- Rh eee oe canenunasececunteees eon asee eee sede aeneee 5,2 50.5 61.5 
ZT UN DY | ote swe anquceacucaddnesena Suances sueeeeee ences ones 7.5 98. 0 99.4 
bee See eco oer er cePeLreCrreerrrrerc rt Trrrrr rere re _ : T 4 92. : 
USL Bo, AE ST ec eee aoe eee eee ee ee : .9 3. 

Colt! 144-Pritass | acaba eet ooo Laat ae oe Bee et a ee 8.0 99.7 99.9 
Batt Lager hele. ok eee eee ee eee eee 7.8 88. 8 |. 94,3 
M BF Pw) no. cca ecnscococcapeccoctaccssccewcdestsesevteeteees 8.8 82.0 86. 3 
VE PaO) tk eae eee Ran ee ee ee 9.0 70. 0 72.8 
EE Pasi 20 ae See ee eee a eee tf 79. 0 83.6 





TABLE VI.—Removal of radioactive material by distillation (60 gallon/hr 
thermocompression unit) 





Activity of | Removal of activity 
Run No. Contaminant feed, d/m/ml expressed. as decon- Percent 
tamination factor 


rr | |e A a | 


D ietgatgessacena danas stew oe Bd Sg te ine a gn gt Sa A00 1 4410 £ LO a saebaretaee 99. 98 
p ie so RS! SEPA SL PER a MOP Pa2_Uuacepgi tu 07;400) 4-07 n0d OF aetl Seer ee 99. 98 
be cer ia ak OS ee Se DOF P33 022. ~ dane node 3471506) 53.09 x 108s So ee eee 99. 97 
Cy ee eae Bb ae ek aa NEF P=€.0 Ucn oak 62,400) | S.52 510 oe ees 99. 72 
ian ee Sct A Re Pattie ee ees 4150300 |) 2.38 103 seg ee. 99. 96 
GE so dace wae seadaus oth ones iM ee ee es BD 2 Ee 60;'900 55} (704: x7 108k Saoinuet 2. 99. 86 
Uyeecuckeosancanataecewaeaee MP PaB. in <nacvae bak 38, 910 :}oF.0O-x 108us Soe oceelL: 99. 91 
Fo ig Re i ae nh sean GG PL ci Se Sneed G9, (007i E00 x 108 eee eens 99. 99 
Ae pat ie Re EET 9 pe en - oee ASS ea a 12,020. |. 4.70 X 108 pe 99. 99 
IO oe tasaas ad waaane nase, 1c, shoeh Bg be de, yep. ob ely 40/000" 1.25 x7’ eee ee. 99. 92 
Lee ccdaconacnane soe eaays Pat 2. Jot 25, 300 | 5.80 x 103.222.2222. 99. 98 





*Glass wool reflux condenser used. 
NOTES 


MFP-1 was 3-year-old fission product mixture. 

MFP-2 was a 2-week-old mixture from disolution ofa reactor slug. 

MFP-3 was composite sample or ORNL liquid waste. 

MFP-4 concentrate from ORNL liquid waste evaporator. 

MFP-5 mixture to simulate the material expected 10 days after atomic detonation. 
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UNITED STATES ATOMIC ENERGY COMMISSION, 
Washington 25, D. C., August 20, 1957. 
Hon. Curt HOtiric.p, 
Chairman, Special Subcommittee on Radiation of the Joint Committee on 
Atomic Energy, House of Representatives, Congress of the United States. 


Dear Mr. Horirietp: At the suggestion of your Committee, the Division of 
Biology and Medicine, U. 8S. Atomic Energy Commission, invited the principal 
participants in the discussions involving predictions of future skeletal concen- 
trations of strontium 90 in humans which took place at the recent Congressional 
Hearings on fallout to meet once again in an attempt, insofar as present informa- 
tion permitted, to reduce the degrees of uncertainty in these predictions. 

This meeting took place on July 29, 1957 and I am pleased to transmit a sum- 
mary report of the meeting based on the stenographic transcript and consultation 
with the principal participants. This report was prepared by Dr. Forrest Western, 
of the Division of Biology and Medicine. It is my opinion this report honestly 
and clearly reflects the views of the participant scientists with respect to this prob- 
lem. This document, then, would appear to reflect the thinking of those scientists 
who have worked hardest and thought most on the subject of these predictions, 
and should, therefore, be a useful addition to the text of the very important and 
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informative Hearings which your Committee held in May and June of this year 
on the whole matter of fallout from weapons tests. 
Sincerely yours, — 
CHARLES L. DUNHAM, M.D., 
Director, Division of Biology and Medicine. 


PREDICTED SKELETAL CONCENTRATIONS OF STRONTIUM 90 


INFORMAL DISCUSSION OF JULY 29, 1957 


At the suggestion of the Joint Committee on Atomic Energy, the Division of 
Biology and Medicine, U. 8S. Atomic Energy Commission, invited the principal 
participants in discussion of this subject at the recent Congressional Hearings, 
May 27-June 6, 1957, to meet in Washington, D. C., July 29, to try to reduce the 
degrees of uncertainty involved in various predictions of future skeletal con- 
centrations of strontium 90 in humans. These persons were: Mr. Merril Hisen- 
bud, Dr. J. Laurence Kulp, Dr. Wright H. Langham, Dr. Willard F. Libby, Dr. 
Lester Machta, Dr. William F. Neuman and Dr. Walter Selove. In addition to 
these participants were: Dr. Charles L. Dunham who alternated with Dr. Libby 
as Chairman of the discussion, Dr. Lyle T. Alexander, Mr. Hal Hollister, Dr. J. 
Calvin Potts, Dr. Robert Reitemeier, and the author of this summary, Forrest 
Western. This summary is based on a stenographic transcript and has had the 
benefit of comments by most of the participants. 

It was generally agreed that the extensive measurements by Dr. Kulp of con- 
centrations of strontium 90 in human skeletons established one base from which 
one may extrapolate skeletal concentrations of strontium 90 to be expected in 
the future. Dr. Kulp stated that the average concentration in children of the 
northeastern United States in the fall of 1956 was about 0.8 micromicrocurics 
of strontium 90 per gram of calcium. In discussion of relationships between con- 
centrations in the United States and other parts of the world, Dr. Kulp indicated 
that concentrations in children of northeastern United States are consistent with 
those of two widely separated areas in other parts of the world from which 
he has been able to obtain a considerable number of samples. Dr. Selove dis- 
cussed reports of relatively high local concentrations of fallout in an Asiatic 
area and suggested that possible fluctuations in local patterns of tropospheric 
fallout in the periods shortly following tests explosions might result in consider- 
ably higher skeleton concentrations in some areas of the world. Although our 
world sampling program to date has failed to disclose areas in which skeletal con- 
centrations are higher than in the United States, individual comments endorsed 
the desirability of continued search for such areas as a part of our world-wide 
study of the distribution and uptake of fallout from nuclear detonations. 

It was agreed that, even if fallout had ceased at the end of 1956, skeletal concen- 
trations of strontium 90 would be expected to increase until they came into equi- 
librium with the strontium 90 in the environment. Somewhat independent esti- 
mates of the equilibrium value may be made (1) from a knowledge of changes 
in environmental (specifically, dietary) concentrations during the growth of the 
skeletons assayed, and (2) by application of factors of discrimination between 
calcium and strontiun: in estimating the uptake of strontium 90 from existing 
concentrations of strontium 90 (a) the soil, (b) the over-all diet, or (c) millk. 
Each of these methods involves some degree of uncertainty. After discussion of 
the uncertainties involved, it was agreed that these various considerations make 
it appear probable that average skeletal concentrations to be expected in young 
persons of northeastern United States as a result of strontium 90 actually de- 
posited on the earth’s surface up to the end of 1956, fall between 1.5 and 2 micro- 
microcuries per gram of calcium. 

Because some of the strontium 90 released to the Seat teahore in past years 
has not yet been deposited on the earth’s surface, actual skeletal concentrations 
from tests performed before the end of 1956 may be expected to become greater 
than the values estimated under the conditions assumed above. The increase in 
concentration to be expected from additional fallout of this material depends 
upon a number of factors; (1) the additional activity reaching the surface of 
the earth, (2) the fact of delay in the appearance of additional strontium 1n 
the diet, (3) the relative importance of total soil content and rate of fallout 
(specifically, rate of retention on surfaces of vegetation), (4) radioactive decay 
and (5) decrease, with time after fallout, in the percentage of strontium 90 in 
the soil which is available for uptake by plants. It appeared from the discussion 
that the greatest uncertainty involved here is in predicting the distribution and 
time of fallout to be expected from residual stratospheric content. 
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It was estimated that, in addition to the range of uncertainty: by a factor of 
1.25 represented in the above estimate of the average skeletal concentrations to ~ 
be expected from strontium 90. actually deposited on the earth’s surface by the 
fall of 1956, there might be an additional range of uncertainty, by a factor as 
large as two, in estimates involving the ratio of the quantity of strontium 90 in 
the stratosphere to that on the ground. In estimating total skeletal concentra- 
tions in the northeastern United States which might be expected when fallout 
of strontium 90 produced prior to 1957 is essentially complete, these two uu- 
certainties alone would result in a range of a factor of 2.5 between minimum and 
maximum estimates. 

It was agreed that the first effort of the group would be to estimate average 
skeletal concentrations to be expected in the age group of maximum concentra- 
tion in 1975, assuming that there were no nuclear detonations after 1956. Dr. 
Kulp estimated that, because of radioactive decay and decrease in availability, 
additional fallout of strontium 90 produced before 1957 would not make environ-— 
mental concentrations of strontium 90 in the northeastern United States in 1957 
significantly greater than in 1956. After discussion, this led to the estimate that, 
if the residual stratospheric content were to be deposited with uniform distribu- 
tion over the surface of the earth, skeletal concentrations in the age group of 
maximum concentration in 1975 would fall in the range of from 1.5 to 3.5 micro- 
microcuries of strontium 90 per gram of calcium. 

Mr. Hisenbud, taking a different approach, first estimated quantities of stron- 
tium 90 on the surface in the northeastern United States at.the end of 1956 due 
to tropospheric and stratospheric fallout, respectively, and the fraction of stron- 
tium 90 previously injected into the stratosphere which had fallen out by the 
end of 1956. Maximum future environmental levels were then related to those 
of 1956, using the assumption that fallout of the residual (1956) stratospheric 
content would have the same geographic distribution as the previous stratospheric 
fallout. Discussion of this approach led to an estimate of skeletal concentrations, 
in 1975, in the range from 2 to 5 micromicrocuries of strontium 90 per gram of 
calcium. 

Dr. Machta pls wer the possibility that strontium 90 injected into the strato- 
sphere near the equator may be moving northward and entering the troposphere 
preferentially above 30° N., in such a manner that the fraction of the stratospheric 
content falling out in these latitudes is increasing with time. It was estimated 
that such “banding” of fallout might result in skeletal concentrations. two times 
as high as those estimated on the basis of Mr. Hisenbud’s assumption of a constant 
stratospheric fallout pattern; i. e., an average skeletal concentration in children 
of from 4 to 10 micromicrocuries per gram of calcium. 

It was agreed that at this time our knowledge of atmospheric transport is too 
limited to reduce: the range of uncertainty on this point represented by the 
ranges of estimated concentrations described in the preceding three paragraphs. 

It was estimated that, if testing of weapons were continued up to about 1965 
in such a manner as to produce strontium 90 in the same total quantity and with 
the same distribution (i. e., with tests. held at the same geographical locations 
and with the same distributions of tropospheric and stratospheric fallout). as 
were produced prior to 1957, the average total skeletal content in young persons 
in about 1975 might be approximately 2.5 times that to be expected if there were 
no further testing. This factor is considered to apply equally to the three esti- 
mates discussed in the preceding paragraphs. 

The estimates described above are summarized in the following table: 


Predicted average skeletal levels of strontium to be expected in young persons 
in northeastern United States under various conditions of testing of nuclear 
Weapons 

{All levels are in micromicrocuries of strontium 90 per gram of calcium] 


Predicted future concen- | Predicted concentrations | Predicted concentrations 


Concentrations in trations from strontium in 1975 from all stron- in 1975. if past tests or 
children, fall.1956 99 on ground before tium 90 produced before equivalent were repeated 
1957 1957 before 1965 








fate: .5 to 3. Spit Feeney a ss 3.5 to 9.* 


*The considerations leading to each of these 3 estimates are discussed in the text of this summary, 
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It was the consensus of the group that within one or two years the confidence 
with which predictions of future concentrations can be made will be so greatly 
increased that it is unprofitable for the present purpose to extend predictions be- 
yond those given in the above table. 
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UNITED STaTES ATOMIC ENERGY COMMISSION, 
Washington 25, D. C., June 1, 1957. 
Hon. CHet HOLirieE.p, 
Chairman, Special Subcommittee on Radiation, Joint Committee on Atomic 
Energy, Congress of the United States. 

Dear Mr. HOLirreLD: Your letter of 31 May 1957 requests a letter on an un- 
classified basis giving: (a) an estimate as to year-to-year fission yield and total 
yield put into the atmosphere by atomic weapons from all sources; (b) a list of 
weapons test series conducted by each country; and (c) a listing of the number 
of explosions which have taken place, country by country and year by year. 

As to total yield and total fission yield released by tests to date either in gross 
or by nation, this information has security implications which preclude my giv- 
ing it as unclassified data. Various unclassified estimates which do not reveal 
such totals have been made as to the amount of fission debris making its way 
into the. stratosphere. One such estimate is that given on pages 952 and 954 
of the attached report, ‘Current Research Findings on Radioactive Fallout,” by 
Dr, Willard F. Libby. 

Information as to U. S. test series and the Ee of pnots in each is contained 
in the following table: 


Name of series Date Number of 
pee shots 

‘Trinity.----.. re ee a eee ee er ee 8 a a a ee oy a eee 1945 1 
OPRR SN G0 ss sala, Lo a UE aS ll kD A aye ee eee nar ee, le ame 1946 2 
SUPT G LL ROY Eh pe apse gE SRR OI i Slee py Oe ae ee Ree ace aa 1948 3 
CERES PUTO PEELS cag, 8 ae Fs ie IR Ea i nm rae es ap te ae Sd ia ee ee ee 1951 4 
TRON FE e cup ge te aeate ce aya CG MI I iy SBR hn habbit a Ma SOR OO Ma st a ath eee Rae 1951 5 
PISCE E TuTr Teele Ae hk ty) Pipeme ene Outer ge as eae Pee ee oe eae ole 1951 7 
EBRD ler SAD POT a osc ce eee eee oo ae cee St a eS Se eee Ss 1952 8 
SLC se see Sp as Se ES pf ec aR Der ogee ee ei 1952 2 
Upshot/Knothoie ee ee ee es Se en eee ee Ow ER ee 1953 ll 

SE Lea cen re a te ie rn eS ee ee ee 1954 (3) 
Menno} i ee ee ee ee a as ie We a ee 1955 14 
USAMA TELL Ee a Plead Shay Se da EI Mie TO tC ac ae ae ae AR Ie i eee oe a 1955 1 

gS ORV ACT ale. aT, meagan Silat SA SA I ene eae i oe clear eb Tee Laem 1956 (1) 
ESTED TEATS Pete re es Pie rae pe i es Se I eS ee 1957 41 


1 The number of shots in Castle and Redwing is stil classified. : ee 
4 Only 1 shot to date. : Erase 7 


The above list is exclusive of the two ‘weapons detonated in combat during 
World War II.: 

With respect to the British series, the United Recoan has announced the 
following series and number of shots: ~~ 


Location Date Number 

é of shots 
AIstralig. ose eee. see cee ee oe eee ee ark. Semen ve se ree ee 1952 1 
DOs. 2228 a ae eee ee ea oa ae antes aces 1953 z 
_ rk ts atc arte een ee atte SR Seer ee Se he a tO Beare ebina rider 1956 2 
ee ee SES aE Oe mee Rae a BP Eee A SEN, PAS eas Ween hone te Dg seein 5 1956 4 
Christmas ME RRLER YY Ce een eee ahaa eh 6 a ef ae PO ae 1957 2 





Of several Soviet references to their tests, they have: announced one on 20 
August 1953, shortly before the U. S. announcement was issued; made a general 
statement on 18 September 1953 to the effect that they had conducted several tests 
in recent weeks which constituted confirmation of the U. S. announcement of 31 
August 1953; and announced a test on 10 September 1956 about which the U. 8. 
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made no comment. The United States has from time to time announced certain 
of the tests. Copies of these announcements are attached. From a review of 
these announcements it can be noted that the U. S. has announced 23 specific 
USSR detonations. A complete list of all detected shots cannot be provided 
on an unclassified basis. In this respect on August 26, 1956, the Chairman of the © 
AEC stated: “Although there have been but 18 announcements by the U. S. 
regarding Soviet testing, several have noted a series of detonations and the actual 
number of Soviet detonations is significently higher than 13.” 

Should you desire a classified summarization of the information requested 
which cannot be given on an unclassified basis, I would be most pleased to provide 
this separately. ; 

Sincerely yours, 
K. E. FIELDs, 
General Manager. 


[Irom Congressional Record, June 18, 1957] 
NUCLEAR WEAPONS EXPLOSIONS 


The following table has been compiled principally from press releases of the 
United States Atomic Energy Commission. However, reports in the press as to 
the size and nature of various explosions have been included when. available. 

On April 12, the United States had announced 19 Soviet tests. The AEC has 
pointed out that this country does not disclose all of the U. S. S. R. shots of which 
it has knowledge but limits itself to statements about explosions of special in- 
terest. The actual number of Soviet detonations is therefore significantly higher 
than those announced. 

As of June 17 the AEC had announced 68 tests by the United States. However, 
the total number of detonations made by this country has never been announced. 

The United Kingdom has announced 11 tests to date, June 18, which is under- 
stood to be the total number of tests made by that country. 


2063 


RADIOACTIVE FALLOUT AND ITS EFFECTS ON MAN 
































"9d A} VUITYSOITEL *SpUvIS] 
jo AjqeqoIg “pesofosIp- yOu quod Jo aim}VeN OTSA OPOO TTT EC 9 O® [ea aS rn sea ae anes esas | SSeS neon saa Se tee een ee Ee ERE SAS 
‘SUOJBSOUL ¢ PTOIA ‘papordxe 
Pacer Heese set ous SGM tT "SIS9) Ze oo ee etn [pan oar iposecennerncasannesa| seazunae==) -* yoyomiug ‘Aaj uoryerodg [7-77 70777777 Tez 
Bete Sisss ¢g ounr 
Bo qT oung 
GZ ARI 
Cplidiatalede ' AVI 
"$9801 OUIOS UT “SUBLA SPeAoN ‘red = }|~-----7- T AVI 
HOBO TeG. OORT « SISING JOMO$ PUB ITG.g [~~ sna seen eee aan < | aonnnn sage | ta eam pan, [tame “e--"| -deug Jejquiny, uo4e1edo ae “Ad V 
gI “adv 
Bmassscer I ‘adv 
SRSRRRSS ATE Jour 
G -WINS "pus SUING |e" == <ecseeseacs <= ZO61 
SRARSAAASSS 6% “AON 
lg SS ceeded 61 “AON 
. 5 A SoMa or SITAR] an g “AON 
Teo1q0Vy, “plstA MOT *sjsinq SILT CDCAONT ne wie mae miees “AO 
puneisiepun iO oovjins _pue ‘I0M0} ‘ae Z [tm tr ttt fone Mee hdaaig. acai oad wats asa aa |g ales Ft gt ‘gisuve Jojsmg uolye10d¢Q\}_-.---.--_-- a aan 
peg tea 8% 490 
SOSA CCE TOC) ft ae Ae gee LTE 
"a °S "SQ 003 Aq UolTsoydxe resjonu pe 
SNOT IUO PAG Dod UOMUGEUBIL, |, SUP Isolde | cri sirtie cin meetin ne Rite Op => 5 (a dia 3) @ Yan lees achat ieee ia aa ondatentaand toe SET oI ot se 
"uljmery 4943 Aq petIgUOd Io4v] ‘so7B19 ; 
peug eq} Aq poyodey -uorsojdxe pg |-7777777T 777A SoeRG tage tase, We aa A£10}1119} JOIAOG | g 40 [777777 eae ectiie'e ghia ale (igh Sia ache al aig ages 
¢ YOIVOSeI IespoNuoMIIEYy 04 SUT : “yOVOMIUG 
Ae GEA UO) BUC Uxe,. bE, DOU Lageop) Silds Pot en oo ner Taha oa ooo ne ener anne a en anammniat ‘asnoquesiy, uolyeiedg |~--“Aeyy pue pad y |----7-----7--- "=~ - [96] 
Se ee ee a ee ae Me en pep a ee ce Ke UR nS ote i ee Ee eae ee 9 “Qa 
‘sjsinq ITV bis ds. | Pea 
“HOPISULIOFUT 1G0T}0G} JOY Appeuryid .ssoy. Q |- ttt sentra rte [sn tone nen] -- oe FE a a | PS Tee -ON[ ‘desuey U017eI0dGQ)}----..-.-.-- 9g "ues 
a Me I eee he re om ae Pom YT) ee ia” cele” fe «eat Pee oe eee sae een oean POE ONE | ie sie “""(10qULM) TS6T 
“uUeUINnLy, JuepIselg Aq 
POOUNOURCLASSES “Mi U{UCTsO[Gxe DjUIOIB YAS, poses aa a ease cennns=|~9 AIOYIIO} YOIAOS | EZ 44ydag |-----> SITE OS Teas on Abas Mie Finda tag aia: © ©) Nig eearromren Phere TY | 
; “MUOAIS "T10V VY YOJOMIUG 
SSOP Ou “Z[ AGI PoounonUsS SUOTSO[AKS. 9 [~~~ ~~ enews momen nn [nnn ee ttn nnn nnn = [-- onan nn e- *SUOISPUBS —UOTRUIEd Cult tate eee --°--(Zupids) SF6T 
POLPCUOIOP JOE ISDE) OT tore eet sa ase ey Perce tees Feat CL aes Oe Let coca. Tae eae ehh ae ee anaeones ez A[ng ’ 
*u00seT IUTyIg 
ers eA ATIRSODONT ASt0 SUE py ee | een nen [ome ee nemanenaacsre~ [nonnesee ts ‘SPBOISSOIQ W0T}B1IdQ [| ~-7 7777-7 7 ATO iigne tera eee OPT 
OCT | cetera ieee Al GS aaatn ae a | Rp aaa > oka aT | Dee ee ae | CER oe FyaeseseN [77 rr---g “Bn 
“LN jo 
$10} 000‘0% ynoqe oseojor AZroue “4sInq apy |~-~- rotor nnn | one-one Seay haat |e Ae |S ee Sreaee CUMUSO’ Li? tee = wee 5-79 any: 
Pree sey gh eee ce nee ict eee = pee Se Sore ee Onan | = Se eeeenee sees Opiosouepy |--7- 777777 Of Ae eae 
pS UL eee SA Par eee Oe oo eee 
978q oOBId 978d 13 Cel 978 
att ASE 2S ENR, siete 
mopsury poyuq ‘as8 8-0 $0781S pou 


SE Se ge ee 


RADIOACTIVE FALLOUT ‘AND. ITS EFFECTS: ON MAN. 


2064 


“SOTIOS CCBT 0T4 























uy 1894 weqny ejo Oay A. AUS CO UUOU Yt en eee ne ee A304 LI07 SGIAOS LOT CAG NP Ps tr oot 3 oo eae eee Sera ae owe nate == 
"SI[CIISNY 
480} PZ 94} 10} BICP ON: “ENG ‘esuBy 
JO SMO} 000‘0% 0} JueTeAINbe 4sT 9} ‘sjsoq.Z | JOYOoY wvioWMIOO AA | GT “OQ [~~~ T TT TTT TTT TT TEss| Wied 3 |p OF RRS SACS cuted Pe ie 
“UOTSO[dx9 IBdonuU " 
JojAOG- J9qIOUY. JO-OWY Aq suomIooUNOUMY [TTT Ter tese rn porresecess [oceceeonsmss-oprrtt- FG—-9EOG—| SASH RAR SaS Renae SSesss | TASS aac ssakes 
~ "suodvom ieveponu Jo sutjseq pourns * (atin : A # oo 
01 peg SeTAOS oy} 4841 PooUNoUUe OV [~~ nome yg * St ee ph Roa wl Faas AIOPPAIST *JOLAOS “| “p< *an'y | FF et hae tess aS F ee eeee as" | seasaascsreshs Eke 
ALN JO Su0y 000° 03 000'T PETA eTqeqoid ~*4SB09 JSOA ug 
eeeiors uodvem oyul07’ J0}eMJopun tems caegie Pek see ie ie eee eg aie NS er ee a cele penal Game te yo ‘UBMSI MA uUo0yje1edg |--7"7"-77-- vas yoia' 
- iene wears LET 
SRESETISS ES g ACI 
: a sei: damikeieie ane 
eaeenire Cio tee |: -ca esi a. a] ol omiebaeA  daitebOlcn as 
“TI, PUB 480} eSMIAJOP TAI ose ‘squiog Go: Gngaegs ace ‘8 
-H[ sUT}eUOJOP OJ IOBSIAY OTaI0Ie popnya ; hid "SUC BPCA Oa 20 66 eee 
“ul ‘'S}S0} PUNOIslepun pue ‘1eK0} ‘IIe PL [---777 TR Eg ly maine oe het een aad caine ee cae lle okt ON ‘yodvay, woyjeiedQ)|----------- oe Seve 
a SO Rae ee Se> o Oa eee ee cee peek ms MRCS Gales aie tee bearey bf OCT “"ZI “IVI 
eTSEteRestsr L ‘IVT 
TRSSTSSItsSs I “IVI 
erie Saher vs 6S Q9T 
pepe y A-ae SUG dht ao oer ammo CORE 
*requiejdeg ut Zutuurzeq 
Banton eS 4OLG) i Y-OULAt Gobi JUCMIOOUNOUUW >. = ue oo ea AIO4IIO} YOIAOS | 9% “990 
Pee CAI aoe iae Ot Ul Ico} Dp pf een rete” | -—mewnne | 0 ees BAR aa © 18 Hares | SEA =| ew eoeee MDE ere FO OMT Ba eee “="9 "Id V 
*489} ST} Buyasedm00 peseofer WO}YCULIO} UT | CDS baiatagho ta Sak Selec gee ia Shed daar es ecire he eee rl ae Eee lee ee ae a. “ieee ae arte (ee eae 9% “IB, 
-- “sett orenbs 000° vy : 
JOAO INOT[V] SATIOVOIPSY “SuOeSII CGT JO é 
Pee. 2 Pay OAT 07 Pe1I0de2 Gi10d Uss0IpAs Fy ene aaa fat no eee feats seer enewn nn nana igxeage 1” “TUTAIg “opseg uoyeiedg [7777-77777 AT, LOLA, ane oe ener ee are: “""$C61L 
*S4S0} SJV[J VPCAON SV OsvoloI Se a SH ae Sa rie PET 
AssaUe MOPopUid Ula PUrIOIsOTdxoy UOSSI.T dics. oolae ado Geo dal (O) Oral UTE. “SNY: |e TSR Govan isi eee nn en 
rt it tae Quran uesorpATpEepfuy 4-"" 287 So- 5° ssr cs peo n sere n= A104} 119} JOJAOS | ZL ‘Bny |--7--7~ saat? Hiatt erie cial iat RRA oe 
. 1 be a + 8 erassesectsse 7 oune 
eek: Ca en ae ee Se ee ee eee Ae ae OR Fe rd To SA it Bh mai oer SL” Nanna aie 62 ABIL 
epee iy "61 ABI 
Sptea eon 00.08 OF O00 ie ac, ee ee oe Se, Sos Re ce a eae ee 8 ABI 
01 jenbe Atpezioder sem ‘gT ‘idy jo yeyy ect Ween BB eee ee Ge “id y 
‘uolso[dx9 4sdZre, omy, “uns. Joyoury yy - ee e ay SIC] VPCAON ‘epom (ptt gl “dv 
pe ReGas AOS. EPUB. IAM} ITY. 8480). fT |~" econ swee nen ion eewmwn a a — Seem ecennmscacnens| sasemenn=4 AOU JOUSA). UOLeiddg) | net “IL a8 z 
Se ass 9 *I1aVW 
[ee TE “ABTAT 
Sa Te ¥% “ABIL 
teenie See LL aeClN a Ge epe ete a Te CoOr 
S0Bld 048 lalc) oe § o1eq Bel aed 
SHIVUIY | “4 Ivox 
| WoOpsury poyug aoe de SS OL: $01849 poyun. 





2065 


EFFECTS ON MAN 


RADIOACTIVE FALLOUT AND ITS 


x 


“L961 ‘9 OUNL ‘SseISMODH Jo AreIQI’] ey} MIO WeoT UO ‘YeIS 9044TUIMMODGNS 94} Jo ‘UoseTT “| TULL Aq JWOMMBIMIEST. UO 904}!UIMIOOQNG e173 Jo esn' ex} 40] poivderg 


*Sollas BJO Ty 





‘Yysiiiig 943 Aq pepojdxe quiog uesoipAy pz |-spuels] seuystiyoO 


“LN JO st04 000‘0T ynoge PISA “SOTIS 
SIU JO $J9YOOI [[BUIS JO} peoysremM & A[Geqolg 

UNL 

JO SU} Q00‘O00'T eSBeTeI AZI0Uq ~“JEequIOG 
jaf JUBITBA SIOHIA Woy peddoip quoqg-y 


“SpUBIS] SBUNASTIGO | eT ACTIN 


TEtAGIN: |e aang ic eo tae ae ee ens 2 a Rand ireaes bee secre ea 


“roqtreydeg. 07UT onuty 
-W0d 0} poelNpeyos ee 
$180} OT.L “BpeAeN ‘ozIs , 
489} d1UI0}e ‘qog und 
uorjeledQ jo sujuulseg |-"""""""---gz ART 


woe em ewe eee ness eee =| cw emeesw een | eee meee er ese eee memes ewe ee ee ~| ee ee ewe eee meee eens 


QL dd Yr | asa ere tse seas ee or as akon eee ees 
“sesod OT AA tte Ser oe > 2 emanate Toe eT ee ee 
-Ind [891}981 JO] speoyIeM OTMI04e YOoJ10d 04 Pi) pee 6 <a (late ahr attrib leas ty pF CL IE 
peusisep o10M §]S9} OSE} PpoouNoUUs MODSOT, |~77 7777777 cha agri al ete Sa a gd nk tackle tader ar ODaaen CEO Hey BS Rene ea wie © ie ee oN ae eae ea ee 
‘ Cee Waste oH" ancine rietidamea os eka seats ten la ies) Hes, Ft Ss I Td 
Ghee AC IAT Sas? tapers wiragbone rote oupe fol Gan oe eae eee 
Ghee ee eS oe Sa A a ee ae ie ean aes 
*BI10qIG Z 
PEOSOIKM GU Moos cate eee | Saar WMiosomnog eT aon, [Tash tt*ecseew tar mseasec sos caoscasn alae ere 
: “RIT BI} 
“sny yynos 
*poqyse} squmoq-yV Jo ‘punoly SUL 
SPULY Jodveyo pue MOU ‘11 pue IOMO0}7 ‘S4So4 F “AOL BSul [BIB ING | LCoS ee eee en or ee | Cee a [aon ae naa aos eee aa ee a a ee a a aro ee . 
ssuoqsordxo [yeums Jo sefses y [--nn-2neo remem g-| nee ene "e110qIg mn ae EAE, REAR Se REM Reg Sn 
U19}S9eMYNOS 7as1 (4 gl Gieeeialatetatetetehiaah teeter taeteensenmeememniate 
*SUOJESOU CT SCOT 4B P[OrA 
WIT BY “Ss “Aq peddoip quioq-F7 ysqt j-"" rotten)“ Te ona oa bal wr Paige Ne psi | ea Seige ace TUL cht erie 1g ABI 
*quioq-{ jo “Spuelsy] 
SULIVZ311} 10} Byep ATddns 0} pozoodxe 4s9,7, O[log eFUOT | OT AB [--=777* cic ane Pamala Robart yt =e! ph dorama b>” Larrea eb seas gees $ese ents 
*St1040] PY “SOPOMITG 
OlenOUss-PopOlaxe! Copsop: [[eUs ATCA CIO yy fa sn 5 este eat ens al een Co aliglh An abel Roh ote er ‘SUIM pe: udyei0dg’ |-**"*7---7>- ¢ ABI 
‘OaYV Aq p20un0U ; , 
SIIBieSOpies UCL. Up MOTso[dxe omjOUY (-~ {Tso WSs KT eee tse SU Sere te ese e nt ae Ae ase Snes Cer Wa ooo aot ens 5 aa attache ay |e at SOIC 
“BISV [B4} 
‘mOISO[dxe -ue0 A[qeqoid iy x, : 
qesjonu jefAog Jeqjoue pesouNnouUue OMY | toe S555 > =a) |S AIO9TIIO] GOLAOR: | Tz “ey }aao === badeh hei GCs alc Hae aa ts a lS Hag ge hoke Sag a al pclae EF hae 5 Aa 
‘ouBl dire 1 , 


ue WO 4YysIoy yvoIs B@ ye peddoip uesq 
peg i 4eq} pues quiog wesoipAY & Sem 4 
yeyi 42 “AON UO ppdUNOUUB AZBqoysnIyy 


‘BUOIGSsOU JO OcuvI 04 Uy Gulog wes0IpA |7s-=9 7-4" ---<"-"---|-~="=" a Saal le a ea ODGauce C7 AON | ances: pcmcia: ss eae mami aie fron Pipe eae eae sane 











e alg Sa . > 
Set ewne ne oe == 





fee eww aw nt 





- ease Seeostapnnteren nn sNEE a 











3 


aa 





bs 4 





(pina nie sy pS anna) Masa beset awbanys 





















5 F, } a 


teak taeda allel ts alee at eat nied caida et RSet ad 


” * 


SS ee ee ae ee ee d pol a ea > = ee ote ‘ 
: te ‘ ' ‘ * 


jp rhigated beamatae9 tab agate pcg 


wae alow aie 7 An Phe wenn Riad aie nee wml po TE PaS er ~~ 
x Agee *. ae crs ep eee | ee ee ae 
‘ sit ia TS Igoe | [ranetedabsw an oaqeeey a 2eanesos : Seek. 
. itty is raeeet } : ‘ ‘ a er er, ‘ 
cheat: ee Seen Y “Spr, cae DPD hi O eenkt iy ee Be. 
es , 63 Tel gl ; i P ; a Ran : : 
: F ttf ee 8) “at 2 i F. a ‘. ie . : oe 
aa i 4 Se E 
Se ee ee eee tea t ¢ " mtatenwet ree a vt. [Ute Sew ee rene ee beeen nee pe A ew ee eee ee ae 
ix : eh SOS). a } ila 
f oo * : : te" . z 
0 ME * 7k ee a a i ay RACER A eo Re ee Sy amet in ETS nS ee - - 
> - . ¥ wd a ff 4 - . i "9 = 
c= ‘ ¥ ‘ if . ¥ 4 al if Sandee ae he's + ~ os ddr ee Soe area ede cam nn bese e ae 
a * o, gral, 2} ; £ f S : . Nee’ 
eae St eh. See “ . ; - ‘ "> a6 Th. see vawn wes He ebe ls 25 Js twee pore sh eee oe se eee) 
aie é Riz ee = .0h Pd , SG . ees dae IR ons ay hae eat 
- ee ee eee -—<— eee es eters tne e ic 4 i i “se Ae ew ine ae ee 
; 
ps 
ra 


iis 
i 
a 
~ 
4,3» 
‘ 
“ 
me arayt ; 
Lontnemen ee” 


Srorr eH Carre ens eer oem “See + dining Mle A a * a 


a ee ee 





ro Fon 
, * » 3 * : ¥ end Bs, eo Ue Fe 


- ‘ + 


hath eth cca bate na Pesca | 


i ate pa” ; Alen" ; ~e" 
’ “x 


ee? 
ri 
| 
= 
ob 


- 


- 





1 silo prise 10 | ‘aii v Bed : ; ~ 
“ EO ERAS Oe Ee Oe eR es Oe Rt ee nae <i a eee 
SRE ES ERD) OVO 78 xis Lay é eaits aa ; es z ; 


ah » Y rar ' 
+ rs ae : : rw ‘A, y 
; A 





ta Sy 
nenernt0 6" ici 355 Sop eae eee rel: 
AWOSY simon T es ae : 
,ejasponT Leb dave’ dif’ see ae 


Saiog OF bolahedae ara fie heh 
Mid inosqas Olnpeamg ih 3, ae 






mh denad FORE gia al pial 4 sj eretel ant. i CEE Sys Ea ecu hoes eee pnapecnnacs sein tenants an 
~~ ty = P - 
: ; 3 { Me ; : 


mi 


4 “ne 
Sn ime WPaeen eae lire «it LS + ee eee =e . - 
; ¢ ft - : oe ; J 4 * "4 










Cee tae qror i grt. argiz9e”) feng uid sal Feats 1 deol tro iste ethoigsesdse gilt lo o20t4 Al incl ed dnordgnsC ae oisintoothey cs lo aay 


Phy 
‘ Ses ue 


: 2 7 ty =" 





















>i; Ki teigat *-—- 





in} 


VG 
In 
Hy aS 





i a bala | 
sae 
AY} , 
any. 
er) 
ee aT 


Tr, Baril =) hehe 
WH te 
7.) a 

j aa art 





ean 
Raat sth ¥ 
eyty, ‘ ath y 
Eaane 
» ae } 
Fae alk hus 


Wy 


: Sela 
ie, j Mie 









vege seeu* 
Speen” 










Ll adeted 


Pee oneee 
cimeweperes th tee 
pepper yt Star, 

vo wwerte® 
Lourie tid 

















owe : 
cevewereere 


rem ee OE 













meee - 
Pace 
eget 
Sodaee 
= 









- 
AP EOE CA OEE 
Sere cavee 







ey 4 







rer ere mene 
ates oe ek Oram ae 
so C08 OF ie UR ERE” Om a OF 








repay or Or ieee 
ecw kena ah teat 
conde Oey oy we gage ttTe 


cnet hen Inve eevwee 
xa 















Ye on ewer 
xr nene 


ee eee res OT Or 
eerie rear sear eb err apenas 
ee St Seventeen en anette se Sor, 
Sar cccdaan enema eee OT es os on oe 
tN oan vt tes Peres Onn, ewer 
eeee oe wm te Pe . 
pareetess Ankake tee et, 
Sy toon 
















csoren 

- swe ene ow 

Boe anes teen teen en en 
asin are ere 

~— oer 











ne is 
c ae 
pee re geen gest * 










eeueer es 
US oF Hn 
reer ener cree ee on 

ven on weer enee 









an eee el ow 
sen wate ge sew oe 
ioe 
Se a ene ernaerse es wens arene Ore 
he) OER ED ROR Ge genes OOne 
tanger etete cect Senaserenee Mateiet teeters caes 
sede av shin devine ese ores — 
Go we eete whan ener ee He 
Ma eg woe 





















Fee ETT ee 
- Ne Oe 1 oe Dee 




















#5 
t.3 
Satsst 









$ 
et 
‘ 







t 
i 
f 
i 
i 


4 
¢ 
‘3 
£ 
: 
% 





¢ 


f 

i 

2 
$ 
$ 
t 








: 

= 
+ 
# 
J 


z 
t 
£ 
: 
i 
¢ 
s 
s 
i 


i 

4] 

i 

tr 

M4] 

7 

| 

+ 

; 

7 

f. 

’ 

t 

ai 

ian 
J 













t 
= 
$ 
i 
f 
t 


t 

3 
$ 
wi 


* 
7 
: 
= 
$ 
, 
i 
: 
tis 
2 
nis 
o 
+ 
i 
. 





: 





: 
5 
s 
¢ 
§ 
e 
9 
$ 
t 
t 
? 
¥ 
2 
? 
5 
: 
% 
? 
7 


+ 
| 
2 


it 
it 
tt 
th 
irs 
$ 
tt 
aie 
atk 
abe 
$3 
Hi 
2,tit 
tit 
tt 
iy 

‘ 

4 

4 

= 
ty 
t 
¢ 


4 
* 
: 
+ 
4 
: 
t 
rt 
¢ 
: 
* 
: 
? 
. 
. 
As 
* 
H 
? 
it 
: 
et 
> 
+ 
2 
t 





3 
$ 
$ 
? 





? 
4 
, 
7, 
: 
t 
: 
| 
i 
t 
co 
+3 
i 
' 










2. 
z 
’ 
- 
: 
t 
i} 
t 
t 
2 
t 
! 
at. 
tI 
& 
, 
7 
‘ 
t 
2 
? 
? 


% 
t 
$ 
* 
? 
: 
AY 
¢ 
sie 
. 


i 
i} 
+i 
+ 
: 
a 
: 
> 
i 
3 
eS 
‘J 
* 
3 
2 
? 









‘ 





ty 
is 
4 
A 
+ 
ru 
t 
t 
H 
t 
4} 
i: 
J 
4 
2 
i 
% 
¢ 
ty 
St 
a 
+t 
13 


4 
2 
4 
¢ 
. 
3 
z 
¢ 
ty 
H 
t 
i 
t 
i 
b] 
itt 
itt 
Hs 
je 
it 
+H 
4 
+ | 
; 
¢ 
oe 





t 
4 
t 


+] 
2 
3 





. 
; 
+ 
$ 
Hi 
3 
if 
by 
Sf 
te 
ts 
tt 
t 
+ | 
4 
i 
4 
. 
t 
. 
z 
s 
; 
$ 
? 
t 
4 
a 
eS 
? 









: 
i 
+ 
Ht 
‘4 
¢ 
2 
¢ 
t 
7 
HE 
+) 
? 
i 
HH 
t 
t 
t 
< 
2 
tie 
ft 
. 
Hi 
< 
. 3 
hh 
o 
4 
? 
t 
4 
2 


i 





‘ 
: 
tt 
it 
4) 
' 
tr 
+4 
st 
, 
= 






' 
: 
t 
.7 

+3 
t 
t 
g 
? 
+ 
? 
4 
‘ 
¢ 
3 
; 
+f 
t 
€ 
t 
; 
i 
$ 
tr 
oy 
+ 





+] 
2 
t 
‘ 
tH 
By 
; 
: 
t 
¢ 
7 
is 
¢ 
+ 
¢ 
\ 
? 
* 
4 
HM 
¢ 
; 
t 
$ 
s 
¢ 
$ 
+ 
? 
t 
: 
Ld 
+ 
‘ 


$ 

% 

$ 
* 





2 
“3 
= 
ty 
it 
$ 
i 
z 
$ 
£ 
¢ 










2 
se 
i 

f 


2 


3 
t 
ij 
t} 
$ 
£ 
£ 
’ 
Lj 
i] 
63 


: 
: 
t 
4 
¢ 
iH 
: 
: 
‘ 
H 
i 
+ 
} 
+ 
: 
4} 
iH 
4) 
Hh 
: 
ih 
t 
) 
2 
? 















3 
3 
+) 
2 
t 
£ 
$ 
tj 
‘ 
2 
4 
> 
i 
ui 
t 
7 
,2 
. J 
. 


+ | 

: 
= 
+3 
b 
i 
if 
2 

J 

>. 










3 
t 
+ 
z 
t 
z 
? 
3 
be 





i 
i 


: 
{ 
' 
t 
tt 


£ 
2 
+ 





+ 
7 
t 
i 
; 
$ 
ti 
2 
t 
= 
t 
2 
: 
t 
‘ 
: 
¢ 
i 
t 
3 
2 
i 
: 
; 
‘ 
: 
t 
sf 
t 
' 
$ 
# 
$ 
ris 


£ 
on) 
3 
st 
Pa] 
aod 
a 
<i 
2* 
se 
3 
v 
* 
‘ 





¢ 
:. 
$3 
3 
3 
+4 
. 
+. 
= 
$ 
t 
i 
(3 
t 





: 
i 
tag 
£ 
' 
H 
‘ 
£ 
¢ 
: 
7 
: 
e 
t 
H 
ty 
} 
' 
t 
t 
' 
+ 


£ 
1 
t 
| 
+ 
¢ 
4 
Hi 
* 
ff 
us 
t 
t} 
H 
ate 
Ph 
% 
4 


258 
st 
5 








£ 
3 
2 
+ 
t 
¢ 
7 
J 
$ 
i 
t 
e 
e 
2 
, 
4 





. 
+3 
? 
‘3 
: 
.} 
tH 
.4 
2 
i 
* 
is 
+ 
<4 
: 
. 
i 
Me 
t 
.} 
t. 
¢ 
$ 
- 
t 
ts 







3 
st 





¢ 
? 
? 
? 
1 
' 
? 
+ 
£ 
2 
t 
g 
2 
7 
rhe 
i 
t 
i 
4 
3 
st 
Ma 
ee 
+ 
it 
it 
t 
¢ 
Se 
a: 
eS 
+ 
}3 
. 


2 
¢ 

tle 
7 
7? 









i 
# 
i 
nH 
i 
: 
Hi 
4 
i 


‘ 
* 
2 
? 
t 
t 
4 
7 
t 
: 
te 
$3 
¢ 
t 
t 
* 
2 
* 
+ 
t 
? 
7 
t 
te 
+ 
J 
+ 
t 
J 
< 
io 
t 
+ 
: 
+ 
$ 
2 
? 
+37 
i 


* 
ye) 
et 







. 
t 
t 
2 


* 
: 
M 
3 
+= | 
a 
; 
t, 
¢ 
: 
: 
t 
+ 
t 
* 
J 
HLH 


. 
= 
i 
% 
2 
£ 
t 
t 
‘3 
* 
i 





% 

i 
4.4 
* 





Bs 
i 
3 
i; 
+4 
2 
: 
¢ 
ue 
t 
i 
1 
3 
£ 
{ 
t 
¢ 
¢ 
t 
t 
t 
ty 
7 
: 
3 





t 
‘ 
4 
ti: 
ee 
$8 
tt 
5 
‘3 
‘3 
it 
st 
: 
¢ 
+ 
: 


2 
£ 
t 
at 
z 
s 
4 
¢ 
¢ 
+ | 
iH 
7 
t 
; 
2 





' 
: 
fe 
$ 
$ 
* 
13 
£ 
t 
ote 
7 4 
ated 
‘7 


H 
5 
i 
oo 
i 
H 





Hi 
t 
H 
t 
? 
+ 
? 
2 
¢ 
t 
2 


i 
fe 
Hi 
is 
1 
f 
? 
Y 
£ 
2 
‘ 
2 
A 
: 
iH 
tt 
fe 
i 
3 
+4 
e 
: 
H 
t 
£ 
? 
+ 
t 
t 
‘ 
# 
fe 
ft 
te 
$; 
“t 
.j 
2 
t 
¢ 
; 
t 
e 
: 
: J 



























t 


tf 
i 
¢ 
$ 
+ 
; 
i 
3 
4 
St 
ty 
of 
3 
1 
: 
+ 
- 
ot 
ef: 
i 
tH 
: 
ts 
‘ 
¢ 
¢ 
t 
t 
t 
H 
tt 
? 
' 
‘ 
t 
‘ 
‘ 
Mn 
+ 
‘ 
+ 
t¢ 


$ 
’ 
¢ 
. 
$ 
t 
z 
+ 
+ 
¢ 
t 
+ 
: 
‘ 
t 
. 


& 
? 
+ 
% 
{ 
¢ 
< 
? 
tl 
¢ 


Hs 
stye 
tit 
Hi 
? 
Hi 
of 
ti 
2f 
" 


i) 
uy 
t 
n 
ts 
3 
Hi 
2 
' 
i 
2 
£ 
‘ 
(4 
? 
¢ 
¢ 
t 
1 
¢ 
‘ 
2 
? 
i 
4 
: 
4 
€ 
st 
the 
$ 





42 
+. 
% 
* 
= 
& 
£ 
£ 
: 
i 
MS 
£ 
3 
£ 
* 
: 
et 
£ 
3 
Ai 
? 
ij 
* 
= 
? 
5 
? 
a 
f 
‘ 
2 
: 
+ 
i 
st 
: 
t 





2 
t 
2 
it 
14 
* 
tJ 
. 
i 
H 
te 
+ 
3 
t 
3 
: 
4 
: 
t 
tt 


i 
‘ 
‘ 
3 
3 
t 
£ 









HY 





t 
r 
* 
t 
: 
§ 
: 
: 
: 
* 
te 
Hy 
iu 
a 
G 
te 
ts 
te 
Sy 
to 
ts 
a 
$f 
: 
t 
{ 
3 
i 
ts 
" 
J 
¢ 
¢ 
* 
2 
; 
te 
{ 


: 
2 
e 
? 
2 
i 
‘ 
te 
2 
t 
* 
t 
t 
H 
ty 
He 
a 
+ 
sy 
Hi 
tt 
: 
Sy 
at 
‘ 
% 
$ 
{ 
if 
$ 
£ 
¢ 
t 
- 
1 


7 
3 
7 
, 
' 
> 
1 
i 
3 
t 









t 
% 
s 
$ 
2 

t,t 
‘J 
% 





i 
% 
ti] 
* 
+ 
£ 
‘ 
t 
¢ 
7 
‘ 
2 
¢ 
$ 
t 
$ 
* 
q 
% 
? 
3 
$ 
i 
4 
4 
* 
$ 
4 
: 


r 
£ 
: 
ee 
Be 
£ 
* 
t 
te 
Be 
. 
: 
cH 
i) 
* 
3 
¢ 
3 
2 
i 
* 
ty 
r 
2 
£ 
$ 
$ 
: 
t 
* 


¢ 
+ 
} 
t 
t 
$ 
¢ 
$ 
i 
: 
t 
+ 
+ 
5 
2 
« 





% 

¢ 
tt 
eit 
. 





= 
; 
4 
t 
i 
13 
i 
< 
it 
Se 
t 
ir 
: 
it 
Hi 
St 
£7} 
ths 
tis 
st 
: 
ste 
the 
tet 
*yt 
th 
et 
at 
te 
te 
te 
ft 
iY 
eit 
i 
j 
i) 
iH 
tte 
ee 
tt 
ofa 
ne 
ts 
t 
3 
e 
J 
ete 
the 
: 
aa 
‘ 
th 





Lr 
t 


es 
tee 
ect 
tle 
itt! 


: 
t 
< 
t 


lf 
+. 
tyts 









i 
it 
} 
: 
3 
i; 
% 
z 
$ 
+7 
& 
* 
$ 
* 
# 
. 
£ 
¢ 
4 


_- 
5 
4 
ttt 
HH 
$3 
i 
tt 
$< 
st 
i 
ise 
ut 
the 
tt 
a 
2 
4) 
4 
< 
s 
2 
£ 
Ly 
t 
; 
Hi 
Hs 
2 
a 
-* 
iy 
4 
4 
t 
i 
# 
‘ 
aa 


£ 
2 

3 

3] 
3 
i 
: 
¢ 


| 
: 
$ 
ut 
ie 
ite 
Ae 
o8 








$ 
) 
< 
bY 
st 
5 
2 
] 
$ 
$ 
$ 
* 


: 
} 
’ 
rt 
ml 
t 
* 
st 
: 
: 
¢ 





$ 
t 


i] 
t 
€ 
£ 
] 
2 





£ 
‘3 


it 
ft 
? 
i$ 
" 
tt 
a 
uy 
Re 
£ 
3 
¢ 
th 
of 
at 
a 
‘ 
+ 
H 
: 
t 
% 
t 
1] 


i 
4 
at 
tt 
< 
‘ 
at 
‘3 
% 
t 
Te 
Sr 
+ 
i 
+f 
i 
i 
3 
& 
$ 


z 
t 
5 
t 

os 





J 

¢ 

3 
i 

1 
7 

441 

BS 





¢, 





? 
: 
3 
" 
Ss 
+ 
a 
$ 
*; 
< 
< 
‘ 


4 
: 
t 
4 
3 
3 
+4 
z 
= 
14 
7 
i 
3 
t 
2 
3 
i 
H 
+ t 
Hi 
i} 
iH) 
i 
?, 
+ 
: 
} 


' 

| 

‘ 
att 





: 
t 
pot 
: 
i} 
+ 
: 
2 
a 
7 
£ 
f 
t 
¢ 
4 
' 
: 
Se 
i 
: 
e. 
ft 
if 
ut 
‘ 
4) 
te 
Hi 
Ot 
Hi 
t 
it 
HI 
: 
t 
Hi 
Hi 
“ 
t 
r 
t 
£ 
¢ 
. 
Hi 
i 
. 
2 
+h 
il 
+ 
; 


f 
t 
& 
* 
ij 
% 
= 
zt 
¢ 






: 
2 
: 
‘ 
# 
Ht 
tH 
* . 





f 
4 
f 
# 
\7 
1 
t 
t 

Ht 
H 
+ 
¢ 
: 
$ 
' 
¢ 
‘ 
t 
‘3 
a 
£ 
£ 
4 
+. 
2 
1 
ft 
¢ 








: 








£ 
; 

€ 

ty 





i 
tt 
t 

at 
ate 
if 
$4) 
ut 
2 
t 
oH 
7 

+ 

; 





¢ 
of 
2 
< 
¢ 
3 


















2 
* 
3 

H 
: 
tt 
it 
2 
i 
' 
at 
6 
tiete 
Hd 
; 
+ 
7 
. 
2 
te 
+ 
oa 
t 
i 
tt 
+ 
it 
$s 
+ 
HY 
i" 
Pa 
Pai 
: 
< 


+3 
£ 
1 
= 
3 


t 
fe 
- 
3 
tr 

t 





i 
* 
t 
tt 
2 
: 
t 
; 
ae 
2 
$i 
thet 
¢ 
the 
Sets 
i 
att 
? 
t 
* 
: 
st. 
gf 
" 
ty 
: 
: 
5 
4] 
ty 
t 
*. 
tf 
t 
te 
oth 
tr 
tet 
tele 
Tete 
tht 
tt 





se 
.) 
. 
t 
: 
it 
‘ 
? 
.3 
‘ 
Sy 
¢t 
13 
i! 
‘4 
St 
ft 
: 
t 
: 
. 
: 
t 
<= 
f 
? 
z 
i 
# 
2 
: 
t 
it 


Fe 
$2 
i 
Be 
< 
? 
7 
2 
a 
iit 
t 
fe 
He 
t} 
it 
t. 
t 
ts 
1} 
Se 
te 
$ 
t 
i) 
£ 
: 
¢ 
: 
¢ 
i 
ts 
‘ 
fe 
fs 
¢ 
+ 
* 
> 
t 
1 


% 
: 
£ 
+ 
£ 
3 
? 
3 
¢ 
‘ 
+¢ 
. 
t 





$2 
2 
‘ 
co 
rete 
2 
fs 
$e 
tit 
oH 
she 
it 
f: 
i 
: 
£ 
3 
i 
re 
Hr 
ss 
“et 


$ 
t 
13 
$ 
¢ 
$ 
2 
; 
t 
%. 
2 
2 
? 
z 
s 
+ 
7. 
¢. 
2 
7 
HH 





id 
i 
¢ 
‘3 
‘ 
2 
? 
? 
+3 
Sf 
t 
* 
¢ 
* 
* 





‘7 
<t 
t 
j 
$3 
:3 
' 
2 
+4 
? 
¢ 
4 
t: 
J 
¢ 
2 
7 
> 
. 
- 
ts 
* 





3 
14 
2 
: 
. 
+ 
: 
t 
+f 
t 
¥ 
2. 
: 
‘3 
2 










é 
‘ 
tt 
te 
e 
st 
i 
nH 
iE 
he 
ne 
i 
i 
i 
ht 
% 
te 
i 
se 
tt 
rit 
Hy 
it 
« 
a 
tH 
ee 
at 
? 
* 
* 
7 







a 
28 







$ 
i 
i 
2 
i] 
* 
? 
2. 
? 
t 


at 
: 
4 


‘3 
4 
2 
t 
ty 
ts 
ue 
tt 
set 
Ht 
tit 
4 
ft 
H 
tt 
$8 
“ 
¢ 
* 
a 
+t 
tt 
= 
£ 
2 
\} 
+ 
¢ 
' 
t 
t 
t; 
¢ 
t 
LJ 
2 
‘ 
: 
















z 
¢ 
+3 


- 


f, 
¢. 
$ 
8. 
‘ 





+ 
t 
vets 
strte 
siete 
tiie 
4 
eleie 
eheie 
i 
est 
ete? 
at 


to2 





1 
bf 
tt 
J 









1 
= 
$ 
C3 





th 
* 
iH 
tj 
i 
" 
33 
: 
H 
St 


¢ 
. 








4 
i 
3 
< 
ae 
et 
3 
' 
Se 
sit 
%. 
4 
¢ 
43 


; 
Hf 
7, 
' 
¢ 
f. 
; 
fe 
te 
a) 
* 
: 


e 


4 





? 
4 









: 
. 
+ 3 
£ 
\2 
£ 
4 
+ 
< 
¢ 
¢ 
f, 
¢ 
t 
£ 
o 
. 
t. 
i 
te 
at 
ie 
Pi 
‘. 
t 
* 
? 








: 
H 
+} 
tt 
£. 
fe 
ft: 
. 
4 
+ 
* 
+ 3 
f 
t 
¢ 
9 
4 
3 
ne 
1} 
4 
> 
¢ 
2 
12 
¢ 
¢ 
t 
t 
¢ 
3 
oe 


0 
ate 
i 
ace 
st 
4 


¢ 
t 
t 
+7 
$ 
\4 
i 
z 
4 
tf 
¢ 
. 


oe 
s 
is 
? 
t 
te 
t 
i 
ef 
-* 
t 
< 
HY 
‘ 
z, 
ty 
. 
: 
* 
4 


H 
{ 
fy 
4 
et 
.3 
2 
iP 
2 
$ 
44 
J 
¢ 
+ 
* 


t 
. 
¢ 
‘ 
+ 7 
< 


3 
2. 
+? 
* 
: 
, 
? 
% 
ot 
J 
* 
¢, 
z 
2 
2 
ts 
$i 
ore 
2 
L3 





tit 
we 
+ 
% 


te 
: 
if 
: 
H 
Hi 
. 
4 
: 
2 

% 

YH 


+3 
Hh 
Hit 
Al 
4 
+4 
J 
‘4 
t 
t 
- 
+3 
i} 
} 
7 
a 
? 
: 


Se 
3 
7 
13 
: 
+ 
! 
+: 
i 
i 
+4 
i 
ete 
at 
3 
0 
Se 
nit 
v 
a 
« 
a 
s 
aie 
2 





f 
* 
* 
* 
5 
: 
4 
£ 
* 
¢ 
. 
e 
, 
: 
, 
, 
‘J 
¢ 
be 
ot 
7. 
: 
Hi 
fe 
a 
-@ 
Xo 
t 
tf 
Hi 
i] 
+ 
t 








7 
2 
\3 
ee 
5 
i 
eee 
£35 
a 
at 
Bete 
nee 
nate 
ate 
atit 
ae 
site 
= t 
sit 
i 
hd 
eit 
ste 
$f 
os 
mt 
fe 
* 
$e 
= 
ot 
+ 3 
ue 
}2 
" 
\+ 
ia 
ahs 
737 
bats 


4 
. 
7 
2 
$ 






} 
# 
Sekt 
oH 
: 
* 
| 
(4 
fet 
Ly 
Bs 
* 
zt 
+ 
t 
tte 
ty 
ttt 
ale 
tee 
thr 
bs 
it} 
tie 
the 
. 
ts 
te 
it 
ofr 
Hat} 
ote 
aie 
ate 
al 





3 
? 
1 
¢, 
$ 
t 
£ 








st 
# 
f, 
t 
* 
: 
+3 
* 
i 
tt 
" 
+} 
re 
tt 
re 
i 
fy 
ty 
St 
$2 
tr 
fe 
1 
ty 
te 
st 
thr 
+ 


3 
* 
3 
3 
; 

i 
\j 














< 
, 
fe 
¢ 
2 


.4 
4 
2. 
? 
: 
i 
3 
Hi! 
ef 
2 
io 
st 
3t 
i 
Hi 
+4 
: 
iH 


i 


t 
t 
t 
: 


: 
: 


och 
A 
ths 
: 
a 
: 
a 
te 
att 
te 
Hf 
tte 
tees 
iste 
fete 
tte 
rie 
a8 
tet 
re 
es 
ete 
o5e. 
< 
J 


3 
I 
* 
= 
$ 
t 
f 
14 
4 
% 
t 
at 





< 
2 
4 I 


on 












AH 

* 
¢: 

* 
i 
4 

o 

: Hy 
sen ete| 
‘ 
tr 
i 
ote 

ta ef 
at 
ee 
fs 
it 

* 

i 
uy 
aeet 
: 




































se erhd eS ee ee M Re ee 
Ac rsh. <h Oars oon WF OF. FFU. Ue. O si 
tee tert ret tararet ret rs taterss 
= o ove 
nissatotestietatatetatssete steseste reastalaree gener rier 
ee Se Be OF Ge Oy UNO OF On te oy ’ 
Pelarecacesese eo ee eh ere er 
me We Gree o Be thee wee et eee Setetaten 
seveeetereeeteesS, bs we Os On Oe OO we OL he Patera tne 
jr Or BO OG OF Oe 
& Ber 


it 

’ 

* 
# 
53 
Ret 
£ 
£ 
?, 
i} 
z 


B 
2 
ie 
, 
2 
‘ 
. 
t} 
? 
* 
‘ 
7 
3 
: 
: 


ae 
" 
St 
i 

: 


4 
3 
: 
* 
ii 
¢. 
£ 
id 
3 
a 
te 





ash 













































it 0 oe 
“ ~~ 

5 Ot OR Oe Oe ere ee ngs en vos ou 820, Sonam 
pare lerereres oP M Sos te ecer were eee Ns: 
vores, mo tddcteeraaes 
ats ports Mee as ere OF br ones tie Oe ae 
Ci aa eer alecaresss 0s 05 Or over o-8- Oe 
per er rr he a rer eet ty rote ok 
Set & er eh tae doce: 

Ce eee 
nisasatenstitaatates estates riretec es 
SAeArt rrr th tek eres try 
TO. RF Or OL y: & OO) Os OO he pig het ed 
rt ter Ot AAs rarty 
ea talate are: 2 0 on ets on 02 8, e 
OF O28" OF GI Se Ore 8 OS SEP LD 
ASA a Ser: eee 
Re Arsh eter 
-07 GA 8292 ENO" 9 929, 9 4 . 
‘adr erere eres mee 

we 

fhe eee eels 








. 
epee weet 
of 


